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PREFACE 


For the most part, this is a collection of modified problems 
discussed in extracurricular circles and at tutorials and 
olympiads at the Moscow University. 

In selecting and preparing the problems for this collection 
the authors attempted to focus the attention of the reader 
on those postulates and laws of physics where students make 
the most mistakes. Some problems were specially selected 
to explain comprehensively the application of the most 
important laws—something which students often fail to 
grasp properly. A number of problems concern the subjects 
Usually omitted in secondary school text-book problems. 
Some problems are intended for discussion in extracurricu- 
lar circles or for independent study by those wishing to 
acquaint themselves with material beyond the scope of the 
School syllabus. 

The most difficult problems and the problems outside 
the Scope of the secondary school syllabus are provided 
with detailed explanations in order to give the student 
a better understanding of the general principles of solution. 

‘ith this end in view, some sections are also supplemented 
With brief information about the most frequent mistakes 
and the simplest means of solution. 

In Selecting and preparing the problems for olympiads 
and extracurricular circles which are included in this 
book the authors cooperated with Prof. S. G. Kalashnikov, 

rof. V. I. Tveronova, Prof. S. P. Strelkov, Assistant Profes- 
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sors I. A. Yakovlev, B. I. Spassky, E. G. Shvidkovsky a 
A. S. Anikeev. In addition, a number of the most instruc 
tive and readily solvable pr 


book was meticulously reviewed 
- A. Yakovlev and editor E. B. Kuz- 
netsova iti 


The authors will be ex 


iremely gratefu] for readers’ com- 
ments and suggestions f 


or improvements, 


V. Zubov, 
V. Shalnov 


Preface 


Chapter 


CONTENTS 


I. MECHANICS 


Rectilinear Uniform Motion 
Rectilinear Uniformly Variable Mo- 
tion 

Curvilinear Motion 

Rotational Motion of a Solid Body 
Dynamics of the Rectilinear Motion 
of a Point 

Power Impulse. Momentum 

Work. Energy. Power 


. Dynamics of a Point Moving in a 


Circle 
Statics 


. Universal Gravitational Forces 
- Oscillations J 
. Hydro- and Aerostatics 


Il. HEAT AND MOLECULAR PHYSICS 


. Thermal Expansion of Bodies 

. Quantity of Heat. Heat Exchange 
. The Gas Laws 

. Surface Tension 

. Humidity of Air 


III. ELECTRICITY 


. Coulomb's Law . 
` Electric Field. Field, Intensity 
. Work Done by Forces in an Electro- 


static Field. Potential 


. Electric Field in a Dielectric 

. Capacitance and Capacitors 

. The Laws of Direct Current 

. Thermal Effect of Current. Power 


5 


Problems 


Answers 
and 
Solutions 


141 


8 


CONTENTS 


Answers 


Problems Solutions 
25. Permanent Magnets 105 a 
26. Magnetic Field of a Current 142 26 
7. Forces Acting in a Magnetic Field 
on Current-Carrying Conductors 116 267 
28. Electromagnetic Induction 120 270 
Chapter IV. OPTICS 124 274 
29. The Nature of Light 124 274 
30. Fundamentals of Photometry 126 273 
31. The Law of Rectilinear Propaga- 
tion and Reflection of Light 128 275 
32. Spherical Mirrors 133 279 
33. Refraction of Light at Plane Boun- 
dary 136 283 
34. Lenses and Composite Optical Sys- 
tems 


137 285 


PROBLEMS 


Chapter I 


MECHANICS 


1. Reetilinear Uniform Motion 
Nam the problems both in this section and in Secs 2 
for ta ee fare should be paid to the general rules 
Socal ina ing and resolving motion as well as to the 
shoei bas pes of the principal kinematic quantities 
difficult t n l acceleration). Such problems are sometimes 
or the pe rum ve, especially in the case of curvilinear motion 
of a ball aches of two bodies (for example, the motion 
thrown alling to the ground relative to that of a ball 
Th vertically upwards). 
sicuri difficulties can only be o 
the S componere of motion indepen 
any ia compounding and resolving 
eppronch 1 culties can be overcome if 
Most Pe used to solve problems on cu 
the ENS the solutions in Gec. 3 are intended to show how 
a Con we resolution of motion into components can reduce 
anm icated problem on curvilinear motion to a simple, 
ar problem involving two independent rectilinear 


motions, 

iaa considering a uniformly variable motion, it is 

for "ied to use the true physical sense of the equations 

insta e path and velocity of this motion correctly. For 

Proj nce, when solving problems on the motion of a body 

TOjected into the air, students frequently break the solu- 
considering first 


10 
thes down into two in ependent stages, | 
uniformly retarded motion upwards until the body comes 


t : 
© rest and then the uniformly accelerated motion downwards 


TOm rest, 

wi This method affords a comparatively simple solution 

whee only one body is in motion, but can hardly be applied 
en the problem describes the simultaneous motion of seve- 


bviated by considering the 
dently and using 
vectors correctly. 


EMS 
10 PROBL 


e two 
Tal bodies (for example, Problems 31 and A Fa ait). 
bodies thrown upwards one after the other me de egi 
This approach ignores the fact that the eq 

at? 
= Vot eee 


i ion for 
is the general distance-time expressio = 
; i es Wl 
uniformly variable motion in which ths body ssn E 
m i = 0 en 
unifor retardation up to time t = 2 (the mom 


" d with 
the directional component of velocity changes), an 
uniform acceleration after this time. 


; ning 
In Sees 2 and 3, one should pay attention to the mire 
of the equation ¢— vot — used in solving the pro 
. . olu- 
and to the associated simplifications employed in the s 
tion, 
A number of serious difficul 


ect 
ties arise because the corr 
erations is not adhered 
ake enough car 


So » are deter 
ditional and often ¢ 
unwarrant 


mined only at the co 
onfusing recalculatio 


i ed complications even 
mple Problems aro to be solved. 
Most of the 


w 
Problems in Sees 1-3 are intended to ghoi 
basic rules in selecting the origin of time po 
e all the bodies considered in 
J 

[ in these Problems the pen 
ti Operations, the order in which the basic STe 
(ONS are deri the methods of utilizing the availa ti- 
T Some points 9n the i thema 
ca equations, path to o tain the ma 
Secs 4.3 can 


be solved graphically- 
9 apply and understand graphs is very 


„nany Problems in 
Since the ability 
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important, the student should try to solve the problems 
graphically even when this is not specifically stated. 

The resistance of the air is disregarded in all the problems 
related to kinematics except for otherwise specified cases. 


1. Two men, one in an opera house and the other sitting 
at home near his radio, are listening to the same music. 
. (1) At what distance from the orchestra should the man 
in the opera house be in order to hear the first sounds of the 
overture at the same time as the radio listener if the latter 
is at a distance of 7,500 km from the opera house? 

(2) At what distance from the radio should the listener 
be in order to hear the sounds simultaneously with the man 
in the opera house sitting a distance of 30 metres from the 
orchestra? The microphone is in the orchestra. The velocity 
of sound is 340 m/s. The velocity of propagation of radio 
waves is 3 x 101° cm/s. 

2. The distance between the towns M and K is 250 km. 
Two cars set off simultaneously from the towns towards 
each other. The car from M travels at a speed of v, = 
= 60 km/hr and the one from K at a speed of v; = 40 km/hr. 

Draw graphs of path versus time for each car and use 
them to determine the point where they will meet and the 
time that will elapse before they meet. 

3. A car leaves point A for point B every 10 minutes. 
The distance between A and B is 60 km. The cars travel at 
a speed of 60 km/hr. 

Draw graphs of the path versus time for the cars. Use 
these graphs to find the number of cars that a man driving 
from B to A will meet en route if he starts from B simulta- 
neously with one of the cars leaving A. The car from B tra- 
vels at a speed of 60 km/hr. 

4. An anti-tank gun fires point-blank at a tank. The burst 
of the shell is observed by the crew after 4 = 0.6 s and the 
sound is heard t, = 2.1 s after the shot is fired. 

What is the distance between the gun and the tank? What 
is the horizontal velocity of the shell? The velocity of sound 
is 340 m/s. Neglect the resistance of the air. — 

5. How long will a passenger si f 
train cent ed at a speed of vi = 54 km/hr see a train 
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passing by in the o 

= 36 km/hr, if the len 
6. A passenger in a 

coming in the opposit 

motive and ten carria 


What is the speed of the electric train if the length of 
each carriage in the o 


Will it require the same time for a launch to cover 
a distance of 1 km up and down 


current is p, = 2 km/hr) 
if the speed of the launch relative to the water is v; = 
— 8 km/hr in both Cases? 

Solve this problem an 


escalator in 
tor does no 


: hours to go downstream from point 
t B and 6 hours to come back, 


1 this launch to cover the distance 
ownstream With its e ? 


ei dropped. 
: aunches wil] Teach the ping. 
Solve this Problem algo for the Cases in whieh T fret? 
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(4) went upstream; and (2) were approaching each other 


before they met. 
13. A pipe which can be swivelled in a vertical plane 


is mounted on a cart (Fig. 1). The cart moves uniformly 
along a horizontal path with a speed v, = 2 m/s. 

At what angle æ to the horizon should the pipe be placed 
so that drops of rain falling plumb with a velocity v; = 
=6 m/s move parallel to the walls of the pipe without 
touching them? Consider the velocity of the drops as con- 
stant due to the resistance of the air. 


Fig. 1 Fig. 2 


E. An ice-boat glides in a straight line over a smooth 
rface of ice with a speed v. The wind blows with a velocity 
u = 2v perpendicular to the course of the ice-boat. 

At what angle f relative to the surface of the sail will 
the weather vane mounted on the mast of the ice-boat arran- 
Ee itself? . 

The sail is set at an angle of 45° to the direction of the wind. 

15. A man in a boat crosses a river from point A (Fig. 2). 
If he rows perpendicular to the banks then, 10 minutes 


after he starts, he will reach point C lying at a distance 
S = 120 m downstream from point B. Ii the man heads at 
(AB is perpendicu- 


a certain angle a to the straight line AB 
lar to the banks) against the current he will reach point 
after 12.5 minutes. 

Find the width of t 
u relative to the water, the sp 
angle a. Assume the velocity o 
water to be constant and of the sa 
Cases. 


he river Z, the velocity of the boat 
eed of the current v and the 
f the boat relative to the 
me magnitude in both 
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16. A launch 


current v = 1.9 m/s is constant 
over the entire width of the nver- 
The line AB makes an angle c he 
= 60° with the direction of the 
current. t 
With what velocity u and " 

What angle B to the line A 
Should the launch move to cover the 
distance AB and back in a time 
t — b min? The angle f remains 
Fig. 3 the same during the passage from 

A to B and from B to A. , 

17. What is the translational velocity of the upper points 


of the rim of a bicycle wheel if the cyclist moves with a con- 
Stant velocity v = 20 km/hr? 


sth ards each other 
= 10 s. If the bodies T S minishes by $ 


ove with la P Di every 


Velocities of the same 
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magnitude and in the same direction as before the distance 
between them will increase by $5 — 3 m every t = 5 s. 
What is the velocity of each body? 


2. Rectilinear Uniformly Variable Motion 

24. A point moving with a uniform acceleration travels 
distances S, = 24 m and Sz = 64 m during the first two 
equal consecutive intervals of time, each of duration t = 


S. 

Determine the initial velocity and the acceleration of the 
moving point. 

22. In his laboratory register M. V. Lomonosov noted 
the following results of measurements on the distances tra- 
versed by falling bodies: “...as they fall, bodies traverse 
a distance of 15!/; rhenish feet during the first second, 62 in 
two seconds, 139!/, in three seconds, 248 in four seconds 
and 387!/, in five seconds (one rhenish foot — 31.39 cm). 

Use these results to calculate the acceleration of gravity. 

23. Drops of water fall at regular intervals from the roof 
of a building of height H = 16 m, the first drop striking 
the ground at the same moment as the fifth drop detaches 
itself from the roof. 

Find the distance between the separate drops in the air 
as the first drop reaches the ground. 

24. A body leaving a certain point O moves with an acce- 
leration which is constant in magnitude and direction. At 
the end of the fifth second its velocity is 1.5 m/s. At the end 
of the sixth second the body stops and then begins to move 
backwards. 

Find the distance traversed by the body before it stops. 

Determine the velocity with which the body returns to 
point O. 

25. Fig. 6 is the velocity-time graph for the motion ofa 
certain body. Determine the nature of this motion. Find 
the initial velocity and acceleration and write the equation 
for the variation of displacement with time. 

What happens to the moving body at point B? How will 
the body move after this moment? 

26. Two bodies fall freely from different heights and 
reach the ground simultaneously. The time of descent for 
the first body is tı —2 s and for the second, fg = 18. 
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her 
3 n the ot 
At what height was the first body situated whe 

began to fall? 


height, 
me 

Two bodies begin to fall freely from the sa 

the second + S after the first. 


TEE 
ill the dista 
ow long after the first body begins to fall will 
ce between the bodies 


lf 
be equal to 1? rsed ha 
- In the last second af free fall a body trave 

its path, 


ums 


Fig. 7 


Fig. 6 
; t 
me 

From what height h was the body dropped and aRt o 
did it Tequire to Teach the ground? Indicate two 
Solving the Problem. height 

“Une body falls freely from à point A at a wards 
H +h (Fig, 7j Whilst another body is projected up 
With an initia] veloci 


ime 
o from point C at the same tim 
aS the first body begins to fall. 

hat Should : 


© initia] Velocit: 
be so that the bodies me, 


Y Vo of the apap’ Ew 
at a point B at a height h m 
SS the maxim eight attained by the second bo Ree 
a given initial Velocity? Consider the case H — h sep 
tely, 
30. Ho 


* How long before or after the first body starts to m 
and with at initial Velocity Should a body be projectet 
Upwards from oint C (see Problem 9) to satisfy Simita 
neously the following Conditions: (1) the bodies meet a 
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Point B at a height k; and (2) the height b is the maximum 
height which the projected body reaches? 

31. Two bodies are projected vertically upwards from 
one point with the same initial velocities vj, the second t s 
after the first. 

How long after will the bodies meet? 

32. A balloon rises with a constant velocity vp. A load 
18 tied by a rope to the basket. 

How will the load move relative to the earth if the rope 
holding it is cut when the balloon is at an altitude Ho? How 
long does it take for the dropping load to reach the earth? 
With what velocity will it land? 

33. Prove that for a body thrown vertically upwards: 
(1) the initial projection velocity vp is equal to the final 
velocity upon contact with the earth; (2) the time for ascent 
is equal to the time for descent. . 

34. A heavy elastic ball falls freely from point A at a 
height Ho onto the smooth horizontal surface of an elastic 
plate. As the ball strikes the plate another such ball is 


dropped from the same point A. : 
At what time t, after the second ball is dropped, and at 


i ill the balls meet? 
"ss. E^ pé are thrown vertically upwards with the 
Same initial velocities vo, the second 1 s after the first. 

(1) With what velocity will the second body move rela- 
tive to the first? Indicate the magnitude and direction of 
this relative velocity. epee bi what law will the 

i the bodies change’ ; 
io r a ies when the initial velocity of the 
second body vo is half the initial velocity of the first. 

36. Two motor-cyclists set off from points A and B 
towards each other. The one leaving point A drives uphill 
with a uniform acceleration a = 2 m/s? and an initial 
— 72 km/hr, whilst the other goes downhill 
th an initial velocity v; = 36 km/hr 
leration of the same magnitude as the 


velocity vı ] 
from point B wi 
and with an acce 
other car. p nes rum 
i ime of motion and the istance co 
b ataron mue e before they meet, if the distance 
bet ó A and B is S = 300 m. Show how the distance 
beteren the motor-cyclists will change with time. Plot 


2-1325 
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inst 
Y ists agains 
the change of distance between the motor-cyclis 
time. Use this 


otor- 
graph to find the moment when the m 
cyclists meet. 


3. Curvilinear Motion 


" a rail- 

37..A body is dropped freely from the bed s iba oum 

Way car. Will the time of the free fall be anma 'reloity. Vs 
is stationary, the car moves with a constan 

the car moves with an acceleration a? 


r bank 
38. A machine-gun stationed high up on a A eer iT 
of a lake fires in a horizontal direction. The er po bullets 
9f the bullets is Uo. What will the velocity à bank is A? 
e as they strike the water if the height of the xm in à 
Two solid bodies are simultaneously thron which 
horizontal direction from two points on a sheer The initial 
are at certain heights above the water surface. 7.5 m/s, 
velocities of the bodies are p, = 5 m/s and vz tike same 
Tespectively. Both bodies fall into the water e^ — 140m 
time. The first body enters the water at a point 5 = 
from the bank. 
etermine: (1) the duration 
(2) the heights from 
where the second ; initial 
40. A shell is fired fro E range gun with an in Gn. 
i an angle æ = 30° to the horiz ce 
ow long will the shell be in the air? At what pep 
f l to the ground? The gun an 
nt where the shell lands are on a horizontal line. 
. angle œ to the horizon should a body ial 
the maximum Tange with a given initi 
velocity? 


* Two bodies are thrown with thes 
at angles c and (90° — €) to the horizon. 
termine the rati 


the bodies 


CHAPTER I. MECHANICS 49 


What is the minimum safe altitude for bombers flying 
over the shooting range if the initial velocity of the shells 
is vy = 800 m/s? The shells are fired at an elevation angle 
of c = 15° to the horizon. 

45. At what angle to the horizon should a jet of water 
be directed so that its elevation is equal to its range? 


Mi. 


46. A trench mortar fires at a target situated on the side 
of a hill (Fig. 8). 
. At what distance l (J = AB) will the shells fall if their 
initial velocity is vo, the slope of the hill is a = 30° and 
the angle of fire is B = 60° to the horizon? 


4. Rotational Motion of a Solid Body 


47. The minute-hand of the Moscow University tower 
clock is 4.5 m long. 

With what linear velocity does the end of the hand. move? 
What is the angular velocity of the hand? 

48. Determine the velocity v and the acceleration a 
of the terrestrial points in latitude 60° due to the dail 
rotation of the Earth. The radius of the Earth is 6,400 am 

49. A pulley of radius R = 20 cm is rotated by a weight 
suspended from a thread which is gradually bein Wn 
off the pulley (Fig. 9). Initially the weight is at E n 
then it begins to go down with an acceleration q — png 
2 t 
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Find the angular velocity of the 


pulley when the weight 
as travelled a distance Si = 


100 cm. Determine the mag- 


tion of the acceleration 0 
point A at this moment. 


50. What horizontal velocity should þe 
imparted to a body so that it moves Fs 
rallel to the terrestrial surface along S 
equator? Assume that the radius of Lon 

arth at the equator jg 6,400 km and t 


Sists of two equal 
by hinges. When 


» the folded top should be 
(Fig. 10b) before the two 
unfolded Fig. 10c) 


4 B, B; By B 
B r--- c 
@ (2 (0) 
ID Ra, 
I G n 
1 4 [^ D " 
Fig. 10 


OW to solve 
‘ ton’s laws, Meth- 
illustrated in 


: g the force p 
Xample, if i 

finding the tension F, i Phe [n Mag the bers to 

im motion from leration of the Ne ee "uy is set 


th 
e acce e body and the known 
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force of friction F,, a student will first determine the “moti- 
ve" force F = ma (considering it as one of the component 
forces and not as a resultant), and then, by adding to it 
the "retarding" force F,, will find the force of tension in 
the thread which actually causes the motion of the body. 

This method does not reveal the true picture of the physi- 
cal interactions of bodies, leads to nonexistent properties 
being ascribed to individual forces and sometimes makes 
it altogether impossible to get the correct result without 
additional artificial and unwarrantedly complex reasoning. 
In particular, the method causes difficulties in problems 
involving interacting forces (for example, when determin- 
ing the pressure exerted by a load on a moving support or 
the readings of a dynamometer which is being pulled in 
Opposite directions with different forces). 

In this section a method is followed for solving problems 
Which involve the use of Newton's second law. This requires 
the student to have a clear picture of the interactions of 
bodies which give rise to the forces. He must then introduce 
these forces in an intelligible form (as an algebraic sum) into 

ewton's second law equation. Only when he has written 
all the equations correctly can he begin to calculate the 
unknown quantities directly. 

As a good deal of practice is required to master this method, 
the student is advised to work through all the problems in 


this section systematically. 
ld be paid to problems dealing 


Particular attention shou 2 
With the motion of several interconnected bodies. In this 
tions from New- 


case the first thing to do is to derive equa 
ton's second law for all the bodies in the moving system. 

hen solving the problems in this section, one should take 
note of the way in which the interacting forces in a moving 
System depend on the distribution of masses along the link 
(lor example, the way the tension in a thread depends on 
ihe ratio of the masses which it joins during the motion). 
One is also well advised to follow the relationship between 
the linking force and the motion in the system (for example, 
the relationship between the tension in a thread wrapped 
over a fixed pulley and linking two weights and the accele- 
Tation with which these weights move). 

Since it is sometimes difficult to calculate the forces of 
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friction, especially wh 
the Coefficient of fri 


between the surfaces in contact) 
Severa] problems 


rce 

52. A bod the action of a constant fo 

F travels a distance § — 25 cm in the first second. is 25 g. 
etermine the force F if the mass of the body 


? e 
“of the stone v, if the sa 
ainst the ice is 0.06 o 


etermine the initial velocity 
of s iding friction of the stone agi 
Weight of the Stone. /hr 
A tramcar travelling at a Speed of Uo m cen 
brakes Sharply, its Wheels not Totating but Simply 
along the rails, 


95. A car weighing p 
truck, 


What are the 
on the tr 


= 845 kgf is Standing on a railway 


tensions in the ro 


Pes which hold the v 
n, on braking, has a deceleration o 
m/s?? Disregard the friction. 


à sledge loaded posh 
T. 


acts on the body simultaneous} 
orce of gravity p during the fall. N 


eglect the 
* With what force does a Weigh bea 
if the latter moves downwards wi iu ^ i pem 
acceleration in the Upwards 


s © Weight and has an 
direction? 


CHAPTER I. MECHANICS 23 


59. A ball of mass m hangs on a thread fastened at point O. 
ith what acceleration and in what vertical direction 
should the point of suspension O be displaced for the tension 
in the thread to be equal to half the weight of the ball? 
60. High-speed passenger lifts move at a speed of 3.6 m/s. 
The weight of the lift and passengers may reach 1,500 kgf. 
for na OR in the speed of the lift as it ascends is plotted 
ig. 11. 


Fig. 11 Fig. 12 


Determine the tension in the cable holding the lift at 
the beginning, in the middle and at the end of the ascent. 
Assume g = 10 m/s*. 

61. In a device designed by N. A. Lyubimov* which was 
intended to demonstrate the interaction of bodies in a free 
fall, three weights 1 kgf, 2 kgf and 3 kgf are suspended from 
a light frame on identical springs (Fig. 12). 

How will the position of the weights change and what 
ber be the tension in each spring when the frame is in free 
all? 

62. Determine the force of air resistance acting on a 
parachutist if he descends with a constant velocity. The 
weight of ‘the parachutist P = 80 kgf. nE 

63. A body is thrown vertically upwards with an initial 
velocity v, = 30 m/s and reaches its highest point of rise 
after t; = 2.5 s. 


* N. A. Lyubimov (1830-1897) was a professor of physics at the 
Moscow University and one of the teachers of the prominent Russian 


physicist A. G. Stoletov (1839-1896). 
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i i act- 
What is the mean value of the force of air med ie ade 
ing on the body uring the ascent? The mass o 
i s 


i d ble 
With the Workpiece and the Speed with which the ta 
travels under the Cutter is y — 4 /s. 


-9 s and the Coefficient of friction 
e table against the runners is p — 0.14, d 

5 2 WO Weights m, a 7» are connected by a thread an 
lie on à Smooth horizontal Surface of 4 table (Fig, 13). 


hat acceleration will the Weights move if a force 
F = 405 ynes parallel to the surface of the i 
to the wei ht m i i 


t is the t 


he wei t my; 
m2. The thread can endure 4 maximum load 
abl, FF. Disregard the friction between the bodies and 
the table, In calculations assume g — 10 m/s2, 
our identical blocks, Sach of mass ™, are linked by 
thread Placed on 4 Smooth table (Fig. 14). Force F 
is applied to the first block, 
Find tensions in 
of friction b 


all the threads. Di 
tween the blocks and the table ard the forces 
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68. In order to start a heavy railway train the engine-dri- 

ver first backs his train up and then engages the forward 
gear. 
Why is it easier to start the train with this method? (The 
train is composed of freight-cars with loose couplings.) 
_ 69. If a locomotive starts a railway train with a sudden 
jolt the couplings between the freight-cars are sometimes 
broken. 

Why, in what part of the train and in what other condi- 
tions does this occur most frequently? 

70. A dynamometer D (Fig. 15) is attached to two weights 
of mass M = 10 kg and m = 10 g. Forces F = 2 kgf and 
f = 4 kgf are applied to the weights. 


Fig. 15 Fig. 16 


What will happen to the weights 


and what will the dyna- 
the force F is applied to the larger 
smaller one; (2) the force F 
ht and f to the larger one; 
how if the masses of the 


mometer show if: (1) 
weight and the force f to the 
is applied to the smaller welg 
(3) what will the dynamometer 8 
weights M and m are both equal to 5 kg? 

71. Two bodies of weight Q and P are linked by a thread 
as shown in Fig. 16. mids 

With what acceleration does the body Q move if its 
coefficient of friction against the table top is k? What 
is the tension in the thread connecting the bodies? Disregard 
the mass of the pulley-block and the weight of the thread. 
The surface of the table is horizontal. 

e linked by a 


72. Two identical weights of mass M ar 
thread wrapped around a pulley-block with a fixed: axis. 
A small weight of mass m is placed on one of the weights 


(Fig. 17), 


PROBLEMS 


(1) With what 


1 x force 
the pulley-block as the weights move? (4) With what fo 
LLL UA, 


Z 


lley- 
eglect the mass of the pu 
ae the weight of the thread 
nd the air resistance. 
i 3. Two weights P, = ix 
and P, — 9 kgf are a 
a thread Strung over a the 
pulley-block. Initially trei 
distance between the cen bts 
of gravity of these weig 
iiti ish — 4m (Fig. 18). ichte 
7 How long after the weig E 
ES start to move will their ce ^ 
tres of gravity beat the v 
Fig. 18 height? Neglect the ps 
the Pulley-block, the weig 

of the thread and the air resistance, 

eights P, and P, are connected by a thread strung 
over a fixed pulley-block i 


A Initially the centres of gravity 
of the weights are at the same height. 


F 
^ Z7 a 
Fig. 19 


M 
Fig. 17 


ith what acceleration nd in t vertical 
direction the Centre of Bràvity of the combinatio of weights 
Will move i P, 
` A Cart weighin 


g 20 kgf can rol] wi 
à horizontal Path, A 


ie peut friction ge 
Carries g ighi k 
ig. 19). The Coefficient or friction between the LE Kel 
the cart is 7. = 0.25. First a force p 
to the block and then a forc 


1 = 200 of ; lied 
e Fa = 2 gp Bf is app 


— . Oom F 

sa gn the force of friction between the block and the 
rt and their accelerations in both cases. 

s 76. A light cart rolls without friction down an inclined 
urface. A plumb line is fastened on the cart (a ball of 

mass m on a thread) (Fig. 20). 

à What will the direction of the plumb line be when the 

iei rolls freely down the slope? Before the cart started 
olling, the thread was held perpendicular to the inclined 

Surface. 

No A log of weight P is pulled at a constant velocity 

b with a force F by means of a rope of length l. The distance 
etween the end of the rope and the ground is h (Fig. 24). 


7 TM 
Fig. 24 Fig. 22 


Find the coefficient of friction between the log and the 
ground. The rope is attached to the centre of gravity of the 
log. Will the force of friction change if the rope is fastened 
to the end of the log? À 

78. A man wheels a barrow at a constant speed (Fig. 22). 
First he pulls it after him and later he pushes it forward. 
In both cases the handles of the barrow make the same 
angle œ with the horizontal. A 

In which case must the man apply the greater effort in 
order to wheel the barrow? The weight of the wheelbarrow 
is P, its centre of gravity O is above the axis of the wheel 
and the coefficient of friction of the wheels aganst the 
ground is equal to k. ] 

79. A cart weighing 500 kgf moves down à funicular 
railway inclined at & = 30° to the horizontal (Fig. 23). 

Determine the tension in the cable as the cart is braked 
at the end of descent if its speed before braking was Ug = 
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— 2 m/s and 


ffi- 
the braking time t= 5 s. Assume the coe 
Cient of friction to be k — 0.01. ead 
- A small cart with a ball Suspended pon. ren 
(Fig. 24 moves with a velocity v, towards an incli 

face, 


aen 


E 
Fig. 23 
F be 
In which direction from the Vertical will the thread 
deflected When the cart begins 
face? 


: * I- 
ins to run up the inclined su 


6. Power Impulse, Momentum 


The Problems in this section have been Selected so he 
to give the reader a Comprehensive understanding of t " 
extremely important Concepts of dynamics —power impulse 

Conservation of momen 

in its Simplest form. This roadens Seine dera bly 

ms which can be ved by a student an 

and deeper insight into Problems which 
by Newton’s laws. In solving the 
be paid first 
the impulse 
calculating 


ction can easily be solyed 
erations fro ewton’s laws 
velocities b e equations of 
e velocit; irectly from 
0 momentum. 

Se pr s e Solved using both 

solution des ot Solve the TOble > Temember thar is the 
Very part of the Motion to be 


etermining accel 
n calculating t 
8, o 


CHAPTER I. MECHANICS 29 


determined and only the final velocities have to be found 
from the given initial velocities, then the application of the 
concepts of impulse and momentum, and the law of conser- 
vation of momentum will always result in the simplest and 
neatest methods of solution. 

It is advisable to try and solve some problems from Seo. 5, 
utilizing the concepts of impulse and momentum, in order 
to develop good habits when selecting the best method for 
a particular problem. 

When attempting the problems in this section the reader 
should select the simplest method of applying the law of 
conservation of momentum to the calculation of velocities. 
Experience shows that this will allow him to avoid many 
unpleasant technical errors in calculations. 


81. A ball of mass m flies perpendicularly upwards a 
wall with a velocity v (Fig. 25), strikes it elastically and 
rebounds with the same speed in the opposite direction. 


G=- : 
v Ə “ GD T, 
-—9 My 
v 
Fig. 25 Fig. 26 Fig. 27 


Indicate the magnitude and the direction of the impulse 
imparted to the ball by the wall. What is the average force 
with which the ball acted on the wall if the impact conti- 
nued for ¢ seconds? . 

82. Determine the magnitude of the impulse received by 
the ball from the wall (see the previous problem) if the 
impact was completely inelastic. 

83. A ball strikes a wall elastically at an angle a (Fig. 26). 
The mass of the ball is m, the velocity before and after 
impact has the same value v and the angle of incidence i8 
equal to the angle of reflection. Determine the magnitude 
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. ‘acne 
and direction of the vector Tepresenting the change i 
mentum of the ball. 


ties v — 6 m/s and v; = 
Is move at an angle of a 
n (Fig. 27) to rs 
at is the sum of the momenta of these batig, — 5 kgf 
85. A body is acted upon bya constant force F = 
for a time t=105 i . ee 
Find the mass of the body if the resulting change in ve 
City is Ap — 5 m/s. . ic- 
* À train weighs 3,000 tons. The coefficient of fri 
tion k= 0.02, 
What should 


: for 
the tractive force of the locomotive ue 
uire a s km/hr two minutes 
9 motion has Commenced? 


. ination is œ — 30°, the length. of 
the inclined Surface ] — cm and pe coefficient of fri 
tion k = 0.2. The initial velocity of the body i 

How long does it take for the body to reach the bottom 
of the inclined surface? 


ing the Problem. 
ass m stands on a rope-ladder which is 
on of mass m, The balloon ; 
irection and 


between two carts 
? spring expands and 
On each cart with an average 
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Prove that after the spring is fully expanded and its 
action ceases the carts will move along horizontal rails in 
such a way that their centre of mass (centre of gravity) 
remains at rest. Disregard friction. 

91. A grenade flying in a horizontal direction with 
a velocity vy = 10 m/s bursts into two fragments weighing 
P, = 1 kgf and P, = 1.5 kgf. After the burst the velocity 
of the larger fragment remains horizontal and increases 
to ve = 25 m/s. 


Fig. 28 


Find the speed and direction of the smaller fragment. 

92. The world’s first reactive projectile invented by 
the Russian general A. D. Zasyadko (1779-1838) weighed 
about 2 kgf (without the propellant charge). The explosion 
of the propellant charge ejected 200 g of powder gases from 
the projectile at a velocity u = 600 m/s. 

At what distance from the point of projection will such 
a body fall, if it is launched at an angle « — 45° to the 
horizontal? Disregard the air resistance. 


Fig 29. 


93. A cart filled with sand rolls at a speed v, — 1 m/s 
along a horizontal path without friction (Fig. 29). A ball 
of mass m — 2 kg is thrown with a horizontal velocity 
v, — 7 m/s towards the cart. The ball meets the cart and 

ets stuck in the sand. . 
j In what direction and with what velocity u will the cart 
move after the ball strikes it? The mass of the cart is M = 
= 10 kg. . 

94. ; MR that the jet engine of a rocket ejects the 
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m = 
ate : es are 
Products of Combustion in Portions whose mass 


of the 
= E and whose velocity on exit from the nozzle 
engine is y — 1,000 /s. 


à stand- 
* An artillery gun is mounted on a railway truck 
ing on Straight horizonta] 


uck 
Tails. The total mass o dee of 
ith gun, shells and crew is yy _ 50 tons and the 


Sach shell is m — 25 kg. The gun fires in a horizontal at 
Ction along the railway, The initia] velocity of the shells 
Uo = 1,000 m/s, he 
Will be imparted to the truck after t 

? Disregard fricti nd ai i . 


izontal. The 
2 = 10 kg and the initia] Velocity p, = 
What will the Velocity of recoil o 

mass M 500 i 


Í the Cannon pe if its 
g isregard friction, 
97. A body of Weight p Slides Without friction down an 
inclined board nto une Standin Test. 
at velocity y wi 9 imparted o the 
ody drops on it? The weight of e os 2 arm ue 
ody aboy e leve] i 


et 9 Cart is k and the 
angle at which the board is Inclined pas i 
: 0 sa 
(Fig. 30). The Cart moveg Without friction’ TERRA d 
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7. Work. Energy. Power 


Usually, in solving the kind of problems in this section 
the most serious difficulties are encountered when the 
original store of energy of any system is distributed, during 
motion, between several bodies simultaneously (for example, 
when a body slides down a moving triangular prism, Pro- 
blems 106, 107). For this reason, in addition to problems 
which explain the concepts of work, energy and power, this 
section includes a series of problems which require simulta- 
neous calculation of the energy of several interacting bodies. 

When solving such problems, one should pay attention 
to the fact that if, for an elastic impact, the bodies are in 
motion before and after interaction, the law of conservation 
of momentum and the law of conservation of energy need 
to be applied simultaneously in order to calculate the velo- 
cities. The methods pertaining to the use of these laws should 
be considered carefully. : "a. 

The problems in this section utilize the concepts of per- 
fectly elastic and inelastic impacts. When solving the 
problems, one should [eoque the specific behaviour of the 
i i ies in these two cases. 

Hr va ‘problems dealing with the calculation of 


ing bodies are to be found in Sec. 8. In solv- 
energy of rotating 20 th noting those cases in which 


i s it is wor ; 
hes Bs pee of energy is converten instantaneously 
into two other kinds of energy (for ezamp, e, the ue con 
sidered in Problem 136). Just as 1n Sec. 6, he a s e 
to follow the entire sequence of operations when applying 
the law of conservation of energy. 


i fires in a horizon- 
98. A gun whose barrel weighs 450 kgf 1 horizo 
tal betur. The weight of the shell is 5 kgf ane ie initin 
velocity vo = 450 m/s. When the shell is fre the 
i distance of 45 cm. 
E the mean braking force develope 
j ter-recoil mechanism. ; 
799. Oe body falls with an initial velocity Vo = 14 m 
from a height h = 240 m and penetrates into sand a dept 


S —0.2 m. 


d in the 


3-1325 
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he body 
Determine the mean resistive force of the sand. T 
Weighs 4 kgf. Di 


i nd 

Ways: with the aid of Newton's laws a 

on the basis of the law of Conservation of ree h (Fig. 31) 
- A sledge slides down an icy hill of heig disces AB 

and stops after covering a distance CR. The 

is equal to S. 


the 
ue en 
etermine the Coefficient of friction k nine o 
Sledge and the icy surface, Calculate the et 

the sledge over the path DC and over the pat 


vious 
101. Wily distance change (see the pre h? 
Problem) if the hil is sloping but has the same height 

Ul the sle i 


d 
arallelepiped of mass m an 
S placed in bir du each of its three 
izonta] Surface, 4 in 
e potentia] energy of the Parallelepiped ER 
each of these Positions? What Position wil] be the mo 
Stable? 4 
103. A m a rifle with an initia] velocity 
Uo = 1,000 m/s Strikes the ground with a Velocity v = 
= 500 m/s. What work has been expended during the flight 
ir resistance if the ullet Weighs 10 g? 
oy leaning against a fence throws a Stone horizon- 
‘ a velocity %=5 m/s. 
1 a City v, can the bo i ne i 
he throws it with the same force while elds ey 
e Stone 


Standing On skates on 
boy M — 49 kg, 8S Of th Voce the mass of the 
(2) Win the boy Produce the same p 


CHAPTER I. MECHANICS 35 


(3) What will the velocity of the stone be relative to 
the boy in the second case? 

105. A man in a boat A, of mass m, — 300 kg, pulls a 
rope with a force F = 10 kgf. The other end of the rope is 
tied first to a tree on the bank and then to a boat B of mass 
m = 200 kg. 

Determine the velocity of the boat A in both cases at the 
end of the third second. What work will be done in this time 
and what power will the man develop in these two cases 
by the end of the third second? Disregard the weight of the 
rope and the resistance of the water. 

106. A heavy body slides smoothly down a triangular 
prism (Fig. 32). The prism lies on 
à horizontal surface and can move 
along it without friction. The 
prism is fixed in the first case and 
free in the second. á 

Will the velocity of the body Fig. 32 
when it reaches the end of the 
prism be the same in both cases if the body slides each 
time from the same height? 

107. Determine the direction in which a load slides down 
a movable prism (see the previous problem). The mass of 
the load is m and the mass of the prism is M. The prism 
moves in a horizontal direction due solely to the pressure 
exerted by the load. There is no friction. 

108. Two identical perfectly elastic balls roll towards 
each other along a smooth horizontal surface. The velocities 
of the balls are v, and vs. 

With what velocities will the balls move after head-on 
collision? The impact is perfectly elastic. There is no fri- 
ction. 

109. Two boats set on parallel courses move under their 
own momentum through the stagnant water of a lake towards 
each other and with the same velocity v — 6 m/s. As soon 
as they come abreast a load is shifted from the first boat 
onto the second. After that, the second boat continues to 
move in the original direction but with a velocity v» — 
— 4 m/s. 

Find the mass of the second boat if the first boat weighs 
P, — 500 kgf empty and the weight of the load is p — 


3* 
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d the 
= 60 kgf, Calculate the energy store of the sak Explain 
load before and after the load has been transferred. 


istance 
why this energy store has changed. Neglect the resi 
of the water. 


hat Power must be deve 


4 ighs 
e to raise it to an altitude of 1 km if the aircraft weig 
3,000 kgf and the time of as ? 

111 


" 748 motors of an electric train 
City v — 54 km/hr consum 


moving with a velo- 
efficiency of the m 
=0 


The 
e a power of N, = 900 kW. 
tors and the drive 


mechanisms is k = 


Determine the tractive force of the motors. 


Fig. 33 


* The power of an engine is frequently determined 
+xPerimentally with the aid o the so-called absorption dyna 
i Consists of ,. o 
ngine. 


i and hold the lever 
‘zontal posit 
etermine the Power of the engine if ¢ 
Tevolutions isn = 


he Number of shaft 
rpm, the length of the 
Centre of the Shaft is z = 


ver from the 
m and the Weight ig Q = 50 kgf. 
ISregard the Weight of the lever, 
ae Clist rides Up a hill at à Constant Velocity. 
termine the Power q Veloped by th ist if the 
ud of th tin Tod of th dil pos d the 
Ime for on ete reyo] t i 4 
the mean for Tted bh his foot Le mod i eon 
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114. In order to take off, an aircraft must have a velocity 
v = 80 km/hr. The take-off run is S = 100 m, the weight 
of the aircraft is P = 1,000 kgf and the coefficient of friction 
during the run is k = 0.2. x 

What must the minimum power of the engine be so that 
the aircraft can take off? Consider the motion during the 
run as uniformly accelerated. : 

115. The stone of a grinding machine has a diameter 
d = 60 cm and revolves at n = 120 rpm. The workpiece is 
pressed against the stone with a force 
F = 100 kef. A) X 

What power is expended on grinding 
if the coefficient of friction between the 
Stone and the workpiece is k — 0.2? NS 

116. A pulley is rotated by a drive 
belt (Fig. 34). The radius of the pulley 
isr — 25 cm and the number of revolu- 
tions it makes n = 120 rpm. The ten- 
sion in the driving part of the belt is 
twice that in the driven part. Both parts of the belt are 
parallel. 

Find the tensions in the driving and driven parts of the 
belt when it transmits power of W — 15 kW to the pulley. 


Fig. 34 


8. Dynamics of a Point Moving in a Circle 


Calculating the forces which act on a body moving in a 
circle is, perhaps, one of the most difficult tasks in physics. 

The difficulties arise as a rule when the centripetal acce- 
leration in rotational motion and the acceleration in recti- 
linear motion are regarded as two physical quantities which 
differ in principle, each obeying its own laws: one can be 
calculated from the "usual" Newton's law and the other 
from the "special" centripetal and centrifugal forces. When 
such an incorrect contraposition of the laws and characte- 
ristics of rectilinear motion and motion along circular 
path is made, it is very difficult to solve correctly problems 
in which the concept of a centrifugal force as a force acting 
on the physical link between the point and the centre can- 
not be employed (for example, problems on the determina- 
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n 
rese of motio 
In Solving p Mam involving the Pe on uf qol in 
in a Circle, it Should be remembered tha 

Tectiline 


itude 
former changes the potes 
ity vector and the latter its ge identity 
tity of the Physical nature also hens ae E Tk is not 
aws used to calculate these quanti e 
; rate 

cent p t from the forces gene 
the interaction of bodies. . TP 
as in calculating rectilinear beim Pd. pe of 

in the Case of rotational motion to specify firs 


taata 
: Consider the originat. 


uf- 
eeded to produce s " 
o ious kinds of interaction betwee 
petal ac lerati due 


friction forces, 


e is increased. Notice the 
ody when the forces fi 
enough to Set 


. t 
Tees o Interaction are no 
P the accelerati n 

a circle (for exa 


ons ecessary for it to move 
' Problem 133), 
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2 is advisable in solving the problems requiring the use 
of the law of conservation of energy to compare their solu- 
tions with the problems in Sec. 7. 


117. Two balls of mass M = 9g and m = 3 g are attached 
by threads AO and OB whose combined length is 7 = 1 m 
to a vertical axis at O (Fig. 35) and are set in rotational mo- 
tion in a horizontal plane about 
this axis with a constant angular 
velocity o. M 

Determine theratio of the lengths e 
40 and OB for which the tensions di 
in the threads will be the same. A 
Disregard the weight of the 
threads. 

118. Two identical balls A and Fig. 35 
B are attached to the ends of a 
thread passed through a tube as shown in Fig. 36. The ball 
B rotates in a horizontal plane. The distance from the axis 
of the tube to the ball B is r = 20 cm. 


Fig. 37 


Fig. 36 


With what angular velocity should the ball B rotate so 
that the ball A neither rises nor sinks? Will the equilibrium 
be stable? Disregard the friction. 

119. A small washer is placed on the top of a hemisphere 
of radius R (Fig. 37). 

What minimum horizontal velocity s 
to the washer to detach it from the hem 


tial point of motion? 


hould be imparted 
isphere at the ini- 
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120. Determine th 


ies 
9 centripetal acceleration of w 
on the terrestria] equator. Find the reduction in ete 
dies on the equator due to the participation o ion of 
Odies in the rotational motio rth 
the Earth. The radius of the Ea 
is about 6,400 km. has 
12 Centrifugal pump can 
vanes of radius R. The Po eieh 
Taise water to a maximum 
h (Fig, 38). is 
Find (4) the number of revolt 
tions of the pump; (2) the aition ing 
in pressure between points yrs 
on the axis and Points on the nes 
ternal Circumference of the a tih 
f the Pump; (3) prove that the at 
Fig. 38 of all the forces acting on water 4 R 
AES ticles Which are at a distanc 
axis of rotation is mo 
es). 


if he magnitude of the force of friction retaining 
lit 


lar 
i e atn — 49 Tpm? At what angu 

in LLY © will the load bo. 

PA Slide over 2 load bo 


Will move and the tension 


1 of the Unstretched rubber 
Proportion 4 eee ot tension in ? cord increases in 
is j em the 2 tretched, When the length 
S os Cor rod 
Car Weighing p kgf ds vees à force Í 


o 
4 constant velocity 
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v: (1) over a horizontal flat bridge; (2) over a convex bridge; 
(3) over a concave bridge. The radius of curvature of the 
bridge in the last two cases is R. 

What pressure is exerted by the car on the bridge in each 
of these cases as it passes the middle point of the bridge? 

125. Determine the force that presses the pilot against 
his seat at the upper and lower points of a loop if the weight 
of the pilot is P = 75 kgf, the radius of the loop is R = 
= 200 m and the velocity of the plane looping the loop is 
constant and equal to v = 360 km/hr. 

126. A pendulum string of length Z is moved up to a 
horizontal position (Fig. 40) and released. 


—i ey 
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/ 
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2 Pá | 
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mum strength of the string be to 
the pendulum passes through the 
The mass of the pendulum is m. 
string and air resistance. 

127. A pendulum consisting of a small heavy bob suspen- 
ded from a rigid rod oscillates in a vertical plane (Fig. 41). 
When the bob passes through the position of equilibrium 
the rod is subjected to a tension equal to twice the 


weight of the bob. . . 
Through what maximum angle œ from the ewe m 
the pendulum be deflected? Disregard the weight of the 
rod and the resistance of the air. 
128. A ball of massm is suspended from a thread of length Z. 
The ball is moved up from the position of equilibrium to 
the suspension point and is then released. 


What should the mini 
withstand the tension as 
position of equilibrium? 
Disregard the mass of the 
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At what value o 


nd 
f a (the angle between the ee eat 
€ vertical, Fig. 41) will the thread be broken i 


Withstang twice the 


ss 
man swings a stone o ud 
1 kg uniformly round in a Sei 
Plane (Fig. 42). The stone is 
h 


ircle 
e ground. The radius of the circ 
described by ior riii 

With what angular velocity Freak 
Fig. 42 the stone be swung round to 


thread? At what distance 
l the Stone fall? 
* À small body o mass m slid 
the top of a hemisphere 


es Without friction from 
of radius R (Fig. 43). 


Ched from the surface 


— iuciinad 
t friction down an A e 
lén moves in a loop of radius 


ed by the ball on the chute at 
"awn from the centre of the 

© with the vertical? The 
height .- S/2R. Consider 


Sm and the 
as negligible, 
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132. Determine the pressure exerted by the ball at the 
Point C (Fig. 44) for the conditions of motion specified 
in the previous problem. 

133. A heavy ball of mass m slides without friction down 
an inclined chute which forms a loop of radius R (Fig. 45). 

At what height will the ball leave the chute and to what 
maximum height will it rise afterwards if it begins to run 
poem the chute without initial velocity from a height 

— 2R? Consider the size of the ball as negligible. 


Fig. 45 


134. A heavy ball of mass m is suspended from a thread 
of length l = 2h which is fixed at point O. A nail L is ham- 
mered in at a distance A from the point O (Fig. 46). The 
thread is moved an angle c = 90° from the position of 
equilibrium and released. 

„How will the ball move when the thread meets the nail 
L? What maximum height will the ball attain after passing 
the position of equilibrium? 

135. At what minimum distance A from the point of 
suspension should the nail L be driven in (see the conditions 
of the previous problem) so that the ball deflected through 
an angle à, = 90° will move in a circle whose centre is at L? 

136. Two balls A and B with the same mass m are suspen- 
ded one on a rigid thread and the other on a rubber cord. 
Both balls are deflected from the position of equilibrium 
through an angle œ = 90° and released. When the balls 
pass through the position of equilibrium the length of the 
rubber cord becomes equal to that of the thread J (Fig. 47). 

Which of the balls will have the larger linear velocity 
when passing through the point of equilibrium? 

137. A weightless rod of length Z carries first a mass 2m 
at its end and then two equal masses m, one secured at the 
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end 


and the other 
Tod c 


£ . The 

in the middle of the rod Du ee ; 

an revolve in a vertical plane around E to che. eli 
at horizontal velocity must be imparte 


8 he 
ttot 
of the rod C in the first and second cases to deflect i 
orizontal position? 


A 
Z A Z 
B- | 
0 — — — ( 2-9 
| / ] m 
| / / l B 
| Les 
h ud 
Kog 
| oe m 
1 Pu a 2m T 
Q= C 
Fig. 47 Fig. 48 


[hr 
138. A Cyclist rides at à constant velocity of 36 km 
along a Circle of radius 34 m. 


Us is bicvcle? 
What angle to the vertical Should he incline his e pio 
1 What is the minimum radius of a circle along 


if the 
a velocity v = 28.8 km/hr m 
Coefficient or friction between the tyres and the road is cle 
=0. at is maximum angle at which the bisyo 
must þe inclined t prevent the rider from falling ov 
140. at is th 


at which a railway 


etween the rail 
orizontally? 
` en can a spirit level (a bubble of air in a tube 
i e used in a moving train to determine 
the railway bed? 
* A load is Weighed on a spring balance in the carriage 
of a train which is moving along a Curve of radius R = 
= m at a speed v= 72 km/hr. 
kgf 


: he weight of the load 
What will the reading of the Spring balance be? 
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143. An aircraft weighing P — 300 kgf flies at a speed 
v = 360 km/hr and makes a turn of radius R = 2,500 m. 

Determine the aircraft's bank angle and the magnitude 
of the lift needed to perform the turn in a horizontal plane. 
The lift is always directed perpendicularly to the plane of 
the aircraft wings. 

144. A ball of mass m (Fig. 49) is attached to the end of 
a thread fastened to the top of a vertical rod which is secured 
to a horizontally revolving round table. 


0 


| 
| 


Fig. 49 


i velocity o will the table rotate if the 
TUA guod pepe of sh 45° with the vertical? The 
length of the thread is = 6 cm si eal of the ro 

i ation is r = s 
s S ee m mass m is suspended from a fred of 
length 7. The ball rotates uniformly in a circle ts epe 
tal plane (conical pendulum) (Fig. 50). The thread m 
an angle œ with the vertical. 


Find the time for one complete revolution of the ball. 


9. Staties 


Most of the problems in statics covered by the o 
curriculum can be solved using various independent m (the 
—either from the general conditions of equilibrium A 
sum of forces and the sum of moments of forces are 2 
to zero) or with the help of the “golden rule" of mec eh 
It is extremely important to master thoroughly these me 
for solving problems involving simple machines. 
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Culation of various syst AF n 
uence of operations for each method in 


ing small displacements of a py 
from a position of equilibrium, and also to the, gue the 
used for finding the nature of this equilibrium 
changes, 
Students u 


in one direction. In this bar 
even the most elementary Problems in which the a a 
of gravity can only be determined by using the r 
resolution 


on OF 
of parallel forces or the rule of Co iin 
Parallel forces o i d usually become f Pro- 
mely difficult, p 9n to the solution o las 
blem 170 in which the Sequence of applying the above ru a 
to determine the centre of Bravity of an intricate figu 


146. Fin 


tude applied to one 

angles between all t Te the same (Fig. 51). : 
147. In which Case wil] a rope Breater tension: 
(1) Two men Pull the ends o e rope wit forces P equal 

in magnitude but ©PPosite in direction. 

One end o i 


T to a fixed Support and 
Man with a force 27 


me of weight p - 16 kgf and 

à ʻ& m are Suspended horizontal} from ropes 
(Fig. 52 . e lengths of x E 
ut Same and equal to s eta S68 dd d 
eterming the tension in the ropes and the forces acting 


CHAPTER I, MECHANICS 47 


on the rods in both cases. Th i 
soe i era e rope DA is parallel to CB 


SW ayut SONY 
iy D E 
l l 
É L 
A 8 4 B 


Fig. 51 Fig. 52 


149. A noose is plac 

Pn ed around a lo d i 

with 5 cim » ris 9). g and used to pull it 

ane will the tension of the ropes forming the loop depend 
the magnitude of the angle a? In what conditions will 


Fig. 53 
the tension of the rope in the sections AB and AC be larger 


than in the section AD? 
150. To rescue a car stuck on a bad road the driver ties 
he other to a tree a distance 
t of his body on the 
rection to it with 
S = 0.6 m. 
he last moment? Consi- 


der the rope as inelastic. 
ard of weight P and 
ll and a floor. 


Determine the tension in the rope : 
the board and the rope is p = 90°. How will the tension 


in the rope change as the angle « between the board and the 
oor increases if the angle B remains constant? 
152. A uniform beam rests on a truck with one end over- 
hanging (Fig. 55). The length of the overhanging end is 
0.25 the length of the beam. A force P acts on the end of 
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Si pRomeems O 


osite 
the beam at Point B. When P is equal to 300 kgf the opp 
end of the beam A begins to rise. 

What is the weight of the beam Q? 


Fig. 54 Fig. 55 


lance 
153. When a body is weighed on an ae er on 
the weight of the body on one pan is Py = 3 kg 
the other P, = 3.4 kgf. 
Determine the actual wei 
> ^ man stands on th 
balance and is counterbala 


4 


ht of the body. xi 
à right-hand pan of a large b 
nced by a weight placed on 


Fig. 56 


is tied to the middle 
arm of the balance at point C (Fig. 56) 1 
ium be disturbed ir the man standing 
;, 16 rope with a force F <P ^p 
& to the vertical? The weight of the man is 
igth of the beam Ap = l. This is an equal-arm 
Isregard the Weight of the rope. 


of the right-hand 
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155. One end of a beam is fixed to a wall. The beam is in 
a horizontal position (Fig. 57). (Neglect the deflection of 
the beam under the action of the force of gravity.) A force 
P = 100 kgf is applied to the free end of the beam at an 
angle œa = 30° to the horizontal. 

Find the magnitude of the force causing the tension and 
deflection of the beam. 


Fig. 57 


456. A bricklayer lays four bricks to make the cornice 
of a building so that a portion of each brick protrudes over 
the one below (Fig. 58). d 

Determine the maximum lengths of the overhanging 
parts when the bricks in the cornice are still in equilibrium 
without mortar. The length of each 
brick is Z. 

157. A uniform beam of length J 
and weight P is balanced on a trihed- 


ral prism. 4 
Will the equilibrium change if a 
quarter of the beam is cut off an Fig. 59 


placed on the shortened end of the 
beam on top and level with it (Fig. 59)? . en 
If the equilibrium does change, what force is neede to en 
store the equilibrium and at which end of the beam snou 
it be applied? : 
158. A ladder of weight P and length 1 is placed agen 
a smooth vertical wall at an angle a = 30°. The t 
gravity of the ladder is at a height k from the floor (Fig. x 
A man pulls the leagar iy its middle point in a horizonta 
irecti ith a force PF. 1 
dat is. ie minimum value of the force F which will 
permit the man to detach the upper end of the ladder from 


4-1325 
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the 
The friction against the floor is such that 
bottom of the ladder does not slide. . carriage 
159. ich is the easier way to set a railway cen 
in motion: by applying a force to the body of the P^ 

or by applying it to the top of the Tim of the whee 


Fig. 60 


Fig. 64 


io. 61. 
160. A Wooden block lies on an inclined surface (Eis. ie 
With what force Should this block be pressed f tho block 
Surface to Tetain it in equilibrium? The weight of the th 
F isp-» kgf, the ue 
a of the inclined surf ht 
l=1_m and the era 
h = 60 cm.. The are 
of friction of the eum 
against the inclined sur 
is k = 0.4. x lled 
161. A heavy log is pu ith 
UP an inclined surface allel 
ihe ald of two para 


in 

Topes Secured as shown i 

Fig. 62 Fig. 62. The weight of is 

i incli log is P — 400 kgf, 

joieht ‘of the inclined Surface 7 1 m, and its length 
What 


d be applie 
o methods or 


Solving the problem. 
e applied to the end of the 
Winch to retain à load p — 50 kgf? 
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The length of the lever is 7 = 1 m, the radius of the larger 
cylinder of the winch r, — 20 cm, the radius of the smaller 
cylinder r, — 10 cm (Fig. 63). Indicate two methods for 
Solving the problem. 

163. To what height À can a load P be raised (see the 
previous problem) if the winch performs 10 revolutions? 


Fig. 63 


164. The system of pulleys shown in Fig. 64 is used to 
raise a log of weight P. With what force F should the end 
of the rope A be pulled for the purpose? How should the 
ends of the rope B and C be fastened to keep the rising log 
in a horizontal position? 

Indicate two methods for determining the force. - 

165. A system of weights m, m» and m is in equilibrium 
Fig. 65). 
i Find a mass mg and the pressure force exerted by the 
mass m, on an inclined surface if the masses m, ma and 
the angle o; between the inclined surface and the horizontal 
are known. Disregard the masses of the pulleys, the weight 
of the threads and friction. . 

166. M of weight 10 kgf is balanced by two weights P 
and Q (Fig. 66). The thread holding the weight Q is hori- 
zontal from point A. 

Find the weight Q and the angle a if P = 18 kef. 


4* 
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ulleys 
167. A system Composed of fixed and math Pe p= 
(Fig. 67) is in equilibrium. Determine the weig 

= 10 kgf. 


Z 


Fig. 65 


Will the e 


: 3 e the 
quilibrium be disturbed if point A wher : 
Tope is fastened is shifted 


sTehas 13 
to the right? If the equilibrium 
Isturbed, how will the weights P and Q epus d the deletion. 
mass of the pulleys, the Weight of the Tope an 
Z ; 


4 
9 p N 
"eer Fig. 68 
168. A light Tod is secured at no, — 
Point O and can revo ^ 
attaches | Plane (Fig. 68). The ane of the rod at point 4 lis 
Dd ead : 
Weight P ig - p e PPed around a fixed pulley 
Weight Qi 


end of the med 
Point B. The lengt 
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of the rod is J and the distance OB = 1/3. The system is 
in equilibrium when the rod is horizontal and the section 
of the thread AC is vertical. 

Determine the weight Q if P = 3 kgf. How will the rod 
move if it is displaced from the position of equilibrium by 


Fig. 70 


Fig. 69 


moving the end A slightly up or down? Disregard the mass 
of the rod, the pulley and the thread and also the friction. 

169. Two balls each of mass m are placed on two vertices 
of an equilateral triangle. A pall of mass 2m is situated at 
the third vertex (Fig. 69). 

Determine the centre of gravity of Uns ays 

170. Find the position of the centre of gravity of a uni- 
form disk of radius R from which a hole of radius r is cut 
out (Fig. 70). The centre of the hole is at a distance R/2 


from the centre of the disk. 


10. Universal Gravitational Forces 

171. The gravity constant in the law of universal gravi- 
tation is equal to y = 7 x 107? cm?/g s. } 

Determine the numerical value and the units of this 
constant in the MKS system. 

172. The great Russian scientist M. V. Lomonosov noted 
that “if there was a big variation in the force of gravity 
for small variations in distance a ‘wrong’ balance could be 
built” (Fig. 71). 

Determine the ratio between the lengths of the threads 
carrying loads at which such a balance would produce an 
error of 0.04 gf on the earth surface when a load of 10 kgf 
is being weighed. Consider the threads to be weightless. 
The mean density of the Earth is 5.6 g/cm’. 


PROBLEMS 


around the Sun is 7 — 365 Y^ sud 
Use these data to calculate he Earth 

force of attraction exerted on t i 

he Sun. : . i 

ls At what angular bri Mem 

the Earth have to rotate so tha: Ue 

at the equator became weig! 

The d 


3 
ensity of the Earth is pé d 
Fig. 71 5. The mean angular ve E M ee 
the Earth around the Sun is 
twenty o 


-four hours, The dist 
un is 1.5 X 108 km. TA " 
Deter ine the ass of the Sun. TM 
176. The maximum altitude Teached by the Soviet-m 

balloon “Osoaviakhim” Was h — 29 


m. rce 
the acceleration of the fo 
Ing such an ascent. , city 
* In wha pice 9f the year is the linear hus 
of the Earth around the Sun larger and when is res Earth 

1 at a certain body moves inside t 


end 
e force o Sravity acting on the body poem 
On the distance from the body to the Centre of the 
Consider the E 


aS a sphere of uniform density. 


review of the s 
Ple pendulum and the ae een 
ms which dea] With the relationship pe body 
eriod of oscillations an, 9 mass of the oscillating ro- 
as Well ag ature he forces acting on it. These ned 
e relationship between the y 
Orces necessary to generate oscillations peel 
nmblitude, the frequency Oscillations and the iud 
9f the bo i nalysis of these te pt 
y be Brasped þh the reader and it is essential fo 
“nderstanding e laws Oscillatory motion. 


Section is focussed on a brief 
S of Oscillatio 8 of a sim 
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oan special attention to the behaviour of a pendulum 

* cart moving with an acceleration (Problem 182) and 

at USS in detail the solutions of Problems 183 and 184 
extracurricular circles. 


we An accurate astronomical clock with a seconds pen- 
of aha is mounted in the basement of the main building 
e Moscow University. 
is E much will this clock lose in twenty-four hours if it 
is insferred to the upper storey of the University which 
180 m higher than the basement? 
taneou I" pendula begin to swing simul- 
tions tu During the first fifteen oscilla- 
tilu of the first pendulum the other pen- 
D m makes only ten swings. 
of lene the ratio between the lengths 
ese pendula. 
Which. A pendulum is attached to a board 
own can fall freely without friction 
Prof E ropes (device designed by 
leased yubimov). Before the board is re- Fig. 72 
positi the pendulum is deflected from the 
ìon of equilibrium (Fig. 72). 
ill the pendulum swing as the board is falling? 
frictie, A pendulum is secured on a cart rolling without 
ction down an inclined surface. The period of the pendu- 


um on an immobile cart is To. i 
" Ow will the period of the pendulum change when the 
Tt rolls down the slope? 
v suggested the 


toll? The Soviet scientist N. N. Andreye h 
tud wing approximate method to estimate the small amp! 
es of oscillation of the surface of vibrating bodies: a thin 
ayer of dry sand is scattered over the surface being investi- 
ee: When the surface is made to oscillate the sand set 
8 So begin to oscillate with it. If the amplitude is increase 
ufficiently the grains are detached from the surface an 
egin to bob up and down. If different parts of the surface 
oscillate with different amplitudes (as, for example, a tele- 
Phone membrane), the grains are gradually accumulated at 


the points of minimum amplitude. 


PROBLEMS 


ith shot 
* A hydrometer Consisting of a ball pus A liqui 
anda Cylindrica] tube of cross Section S is place the liqui 

i hydrometer is immersed in ilibrium 
n actually needed for Eno acilia 
then begins to perform free i 
the position of equilibrium. r wi 
ow how the period of oscillation of the mie n o 
change when: (a) its mass is increased; (b) the s (c) the 
the tube is decrease "is inorea" 
density of the liquid is i 
Sed. 


ri- 

185. A board is placed 20i 
zontally on two rollers Ts Hs 
ving in opposite directio m 
Shown in Fig. 73. The (ene 
the board is P and the dis llers 
between the axes of the poe et 
is 21. The coefficient of pen 
h of the rollers is k. Initi e 
that its centre of gravity W 

middle line CC b 
e type of motion that will be paca 
tye board Unde i the forces of friction pro 


a 
fitted tightly against the inner walls of 
e is ed 


od. 

moved with the aid of a long r 

a well. 4, With the pig on at its lowest Point is sunk ae 

Well. jr ae Ottom of the tube is E n - 74. 

-on is raised by means of the ro 1g- 

can p H height h from th level of the water in the we 

rhea 5 ube be Taised by this method? T! 
Tessure ig 760 
187, Under w i im Hg 


* e 
n q% must water be ppi 

rranged in 4 base so tha 
the Water in t 5 .J8Sement 


i iS not less than p = 
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= 1.5 kgf/cm?? The height of the upper storey above the 


basement is k = 200 m. 
188. A hole of area 5 cm? is formed in the side of a ship 


three metres below the water level. 
_ What minimum force is required to hold on a patch cover- 
ing the hole from the inside of the 
ship? 
189. A vessel contains air compressed 
to four technical atmospheres. A force 
of F — 9.3 kgf has to be applied to 
hold in place a plug in the round aper- 
ture in the vessel. The radius of the 
aperture is r = 1 cm. 
Determine the atmospheric pressure. 
190. The limbs of a glass U-tube are 
lowered into vessels A and B (Fig. 75). 
Some air is pumped out through the top 
of the tube C. The liquid in the left- 
hand limb then rises to a height hy and = 
in the right-hand one to a height he. js. TA 
Determine the density of the liquid E 
in limb B if water is present in limb A, 
hy = 10 cm and hy = 12 cm. A s 
191. To what height h should a cylindrical vessel be 
ake the force with 


d to m 
he side of the vessel equal 


filled with a homogeneous liqui 
which the liquid will press on t 
to the pressure on the bottom of the vesse : 

192. Some air is pumped out of a tube one end of which 
is immersed in water. The water in the tube rises above 
tap A (Fig. 76). 

Will the water flow out from tap 4 ifi 

193. A barometer shows an air pressure 

Find the pressure at a depth of 10 m under 
of water. 

194. A cylindrical opening 
filled with water is tightly c : 
A vertical tube of radius r = 5'om is attached to the piston. 
The radius of the piston is R = 10 cm and the weight of 
the piston and the tube is Q = 20 kef. 
. How high will the water in the tube ris 
is in equilibrium? 


t is opened? 
of 75 cm Hg. 
the surface 


e when the piston 
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ter are 
195. Equal amounts by weight of ie bel tee 
Poured into 


: f the 
a cylindrical vessel. The tota] height o 
f the liquids jg ho = 29.2 cm. 


Fig. 77 


the 
t pressure does the liquid exert on the Torr Fan 
Vessel, The Specific gravity of the mercury is 13.( E equa 
196. Two cylindrical ting vessels wit itre 0 
Cross Secti = n mercury. One li an 

on top of the uy t 
y & p = 150 Si is lowered into the econd 
at dist © mercury level moye in the "body? 
i 9 Water and lowering the of a 
v c ater and oil Té Poured into the two limh the 
U-tube ¢ ntaining mercury (Fj 9 interfaces o bs. 
Mercury elj Same height in both im o 
ght of the water column hy, if tha 
densi of 


1 the oil is 0.9. The 
iamete "9 Communi E vessels contain Mercury: 
lameter of on vessel is four 

g. 


: ter 
e ti l the diame a 
of the Other (Fi, 79). 1 omn of er than height ho = 
= 70 cm is Into the le -hand essel. nd 
mereury leye] rise in the right-ha 
much win it sink in 


he left one? How much 
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will the mercury level rise in the narrow vessel if a column 
of water of the same height is poured into the broad vessel? 

199. Mercury is poured into a U-tube in which the cross- 
Sectional area of the left-hand limb is three times smaller 


Fig. 78 Fig. 79 


than that of the right one. The level of the mercury in the 
narrow limb is a distance / = 30 cm from the upper end 
of the tube. 

How much will the mercury level rise in the right-hand 
limb if the left one is filled to the top with water? 

200. Cylindrical communicating vessels with the same 
diameters and the same height contain 
mercury (Fig. 80). A column of water 
of height kọ = 32 cm is poured into 
one of the limbs on top of the mercury. 

How willthelevels of the mercury be 
arranged with respect to each other in 
both vessels if they are filled to the 
top with kerosene? The specific gravity 
of mercury y, = 13.6 gf/em® and of 
kerosene y; = 0.8 gf/cm?. 

201. A vessel containing water is equalized on a balance 
and then the end of a wooden rod is immersed in the water, 
its other end being held by hand. 

What additional weight should be placed on the other 
pan to restore the equilibrium if the volume of the submerg- 
ed part of the wood is 50 cm?? : i 

202. A swimmer floats face up motionless, the whole o 
his body being submerged in the water except for a small 
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m the 
i f. Find 
part of the face. The Swimmer weighs 75 kg lindrical 
i in 
"208. is Body. takes the form of a os j= 20 T 
tube soldered at both ends, having a er len of b 
an an external diameter D — 1.2 em; s is 2.6 g/om 
walls ish — 4 mm, the density of the g a at meu. sft 
The lower Part of the tube contains 4 ee measured wi 
at is the minimum density that can y ii 
i ter? o 
“aoas a solid EX. of volume V floats 


ific 
ids (Fi . The spec 
interface of two immiscible liquids (Fig. 81) 


Fig. 81 


er one Ye: 
gravity of the upper liquid is y, and of pow IA 
Whilst the Specific gravity of the ball is y ill be in t 
at fraction of the volume of the ball w a " 

What fraction ini the e E d then par 
i it mercury a 
vessel is filled ELS floats with exactly 
its volume in the mercury (Fig, 81). ll. The specific 

Determine the specific gravity gf the ball. 
gravity of oil is Yi = 0.9. gf/cm 
= 13.6 gf/cm3, 


= 


and of mercury ys — 


ighing 
ensity of a uniform body Neglect 
SI in air and Py = 16 ef in water. 
Weight losses in air, 


. eight of a body in 
Weight in air. What ; 
209. o, 


water is one third of its 
is the density of the body? ilver 
ighing 422° Pan of a balance js Placed a piece of si 
130 aine 105 gf and on the other 


a Piece of glass weighing 
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_ Which pan will move down when the balance is immersed 
in water? The density of silver d, = 10.5 g/cm® and of 
glass d; = 2.6 g/cm’. 

240. A copper ball with a hollow centre weighs P, = 
= 264 gf in air and Pz = 224 gf in water. 

Determine the volume of the hollow centre of the ball. 
The density of copper is d = 8.8 g/cm’. 

. 211. A piece of iron weighs 400 gf in water. Determine 
its volume. The density of iron is 7.8 g/cm’. 

212. The capillary of a mercury thermometer weighs 
P, = 66 gf in air and Pz = 44 gf in water. 

Find the weight of the mercury filling the tube. The 
specific gravity of mercury is y1 = 13.6 gf/cm? and of glass 
Yo = 2.6 gf/cm?. 

213. Two bodies with volumes V an 
a balance. The larger body is then immersed in 
d, — 0.9 g/cm?. 

What must be the density of the liquid in which ‘the 
smaller body is simultaneously immersed so as not to 
disturb the equilibrium of the balance? 

214. Calculate the change in the potential energy of a 
body raised in water to a height h. 

Will the potential energy of the water in the vessel change 
when the body rises? What will happen when the density 
of the body is larger and smaller than the density of the 
Water? The density of the body is d, the density of the water 
is dy and the volume of the body is V. 

. 215. A body of volume y = 500 cm 
air is equalized on a balance by copper w 
P, — 440 gf. ; 

Determine the true weight of the body. The specific 
gravity of copper is y, — 8.8 gí/cm? and of air yo — 1.29 gf/l. 

216. In accurate weighing a correction is usually intro- 
duced to account for weight losses in air for the body being 
weighed and for the set of small weights. ; 

In what case may this correction be dispensed without 
impairing the accuracy of weighing? 

217. If a vessel is filled with air its weight is Ps 
his vessel is filled with carbon dioxide 
— 126.94 gf, and when it is filled 


d 2V are equalized on 
oil of density 


3 being weighed in 
eights totalling 


= 126.29 gf. When t 
its weight becomes Ps 
with water, P3 = 1,125 gf. 
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Determine the Specific gravity of carbon dioxide Yn ho 
volume V, and the Weight Po of the vessel. The speci 
Eravity of air js Yo = 1.29 gf/l, d 
> 42e envelope of a balloon has a volume of 100 za 
and is filled with hydrogen. The weight of the envelop 
with the hydrogen ig 50 kgf. er 
Find the lift of the balloon and the density of the Pho 
of the air in which the balloon will be in equilibrium. ar 
density of the air near 
the terrestrial surface 
1.29 g/l. m 
219. What must the ai 
tio of volumes of water va 
aleohol be for their E 
i ture to have a -— 
< d = 0.9 g/cm*? When ds 
i alcohol is mixed with t 
" 


water the volume of i 

mixture diminishes. T " 
volume of the mixture i 

Fig. 82 0.97 of the initial volume 

of the water and the alco 

ol. 

Y volume of carbon dioxide and water 


l conditions the specific i f the air 
= gravity o ; i 
mls an E and that 9f the carbon dioxide is ya 
e Jüriation With time of the water y m 

in Fig, 82 i; the velocity o 
rae from the infeed pipe A is les Tha the 
siphon pipe B. 
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HEAT AND MOLECULAR PHYSICS 


13. Thermal Expansion of Bodies 


222. At a temperature ¢) the pendulum of a clock has a 
length of lg and the clock then goes accurately. The coef- 
ficient of linear expansion of the pendulum material is 
œ = 1.85 x 10-5. 

How much will the clock gain or lose in twenty-four 
hours if the ambient temperature is 10°C higher than to? 
In deriving the formula allow for a small value of the coef- 
ficient of linear expansion of the pendulum. 

223. A steel rod with a cross-sectional area S — 10 cm? 
is set lengthwise between two rigidly secured massive steel 

lates. 

j With what force will the rod press against each plate 
if the temperature of the rod is increased by t= 15 C? 
The modulus of elasticity of steel is E = 2.1 x 10° kgf/cm?, 
and the coefficient of linear expansion of steel isa = 1.1 x 
X 10-5, . . 

224. A bar measured with a vernier caliper is foudn to 
be 180 mm long. The temperature during the measurement 
is 10?C. : 

What will the measurement error be if the scale of 
the vernier caliper has been graduated at a temperature of 


20°C? . 
225. A steel cylindrical component machined on an engine 
lathe is heated do a temperature of 80°C. The diameter pf 
the component should be 5 cm at a temperature o 
and the permissible error should not exceed 10 microns trom 
the specified dimension. . " 
Should corrections for the thermal expansion of the 
Component be introduced during the process of machining? 
226. When making a certain physical instrument it was 
found necessary to ensure that the difference between the 
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, the 
lengths of an iron and a copper cylinder rem " 
Same whatever the temperature change. OC so that t 
ow long should these cylinders be at 


ure 
mperat 
difference between them is 10 cm whatever the temp 
change? The coeffi 


s is c4 = 
cient of linear expansion n iron is 
71-1 x 10-5 and of copper à; = 1.7 x 4 sier has been 
227. The brass scale of a mercury barom a pressure o 
Checked at 0°C, At 18°C the barometer shows 
760 mm. 


ffi- 
e he coe 
Reduce the reading of the barometer to H3 h 10-9 an 
Cient of linear expansion of brass is & = niy p =i. 
the coefficient of volume expansion of merc 
X 10-4, 


ss vessel 
228. The volume occupied by a thin-wall bra 
and the 


oan 
volume of-a solid brass sphere are the sam 
equal to 1,000 cm? at 0°C. 


Ow much will the vol 


Sphere change upon heati 


the 
ume of the vessel and that of 
9Xpansion of b 


: inear 
ng to 20°C? The coefficient of lin 
rass is œ = 1.9 x 10-5, Mi "—— 
+ {n observing thermal expansion of aes A o fenit 
Part of a glass vessel is filled with a mixture whos pe ET 
of volume expansion is B, = 8 X 40-8 in order 


during 
the effect of the change in volume of the vessel 
heating, 


of glass s rato- 
past, temperature Was measured in laborato 
© So-called * 


é I 
Weight" thermometer oe 
ollow Platinum Sphere filled with mercu Y tnra 
Provided with a Capillary hole, An increase in temper out 
was estimated from the amount of mercury flowing 
of the hole. 
OW much mor 


h 
pary should flow out of the hole of Se 
mometer wh, the temperature is increased by. ed 
Somplete]y filled Sphere of the thermometer nean 
of mercury at °C? The coefficiont nt volume expansion 
of pg inum is 1= 2.7 x 40-5 and of mercury fs 


* In the 
ries Using th, 


, s 
“On the Free Movement of Air in Mines 
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the Russian scientist M. V. Lomon i 

plysical causes for the appearance of WESS r 

air in mines. In particular, Lomonosov studied the H e: 

of air in mines of the type shown in Fig. 83. PS 
Determine the direction in which the air will flow i 

such a mine in winter and in summer. Prove that these 


Fig. 83 Fig. 84 


streams arise of necessity by themselves. Consider the tem- 
perature of air as constant and the same at all points in 


the mine and in all the seasons of the year. 
232. M. V. Lomonosov also described the flow of air 


in mines of the kind shown in Fig. 84. 

Prove that the flow takes place and find the direction 
of motion of air in such a mine in winter and summer. Use 
the same assumptions as in Problem 231. 


14, Quantity of Heat. Heat Exchange 


f£ —20°C are immersed 


233. 300 g of ice at a temperature 0 
perature 


in a calorimeter containing 200 g of water at a tem 
of 8°C. 

What will be the temperature of the calorimeter and its 
contents after thermal equilibrium is reached 

234. A piece of iron of mass m = 325 g is placed in a calo- 
rimeter filled with thawing ice. 

Determine the amount of ice that will melt by the time 
thermal equilibrium is reached if the volume of the piece 
of iron being lowered into the calorimeter is V = 48 cm’. 


5-1325 
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PROBLEMS 


1 
ma 
3, jts ther is 
The density of iron at 0°C is d, = 6.8 as of volum 
Capacity C = 0.12 cal/g-deg and the poe at of 
expansion of iron is B = 0.33 x — S ss 
235. It takes 45 minutes to raise a c a heat A 
water from 0°C to boiling point using an are require Ea 
After this one hour and twenty faa Aare vapour. 
the same Conditions to convert all the b une of vapour 
Use these data to determine the latent 
tion of water. 


15. The Gas Laws 


he 
" when t 
The ideal gas laws acquire their simplest og m visus 
Absolute temperature scale is used. This m the laws à s 
and much Seper insight into the essence lit appreciab 
makes it Possible at tho Same time to simp 4 
the of all Problems and reduce errors. 


under- 
ws, however, that some regt laws 
the importance of this method of voblems x 
9i an idea gas. For this reason some of t h Pependenc 
this Section require the formulas showing the 
of plume and pressure of 

e 


ture 
8 gas on absolute tempera 
and only ab 


use 
solute temperatures applying 
tion. One Should Watch the order when 
the laws in thi 


l 
3 usua 
8 way, solve the Problems using the 
equations with the binomial of 


ay 
volume expansion anii Pi 
to the simplifications when solving them 
e. 


ange 
s involving à simultaneuos ab 
Ure, Pressure and volume of a gas are which 
i elp the reader master the laws idea 
yp mplest Proccesses that may occur in E with 
gas. With « im in View, some problems dea 
ous Constant Pressur, 
temperature 


t 
stan 
Ssure, constant volume or con: 

à Tocesses th occur j 

Taphical me 


g. 
n a given mass of Uy 
9! solving the Problems are extre 
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helpful in the study of the laws of an ideal gas. A proper 
understanding of the plots showing the change in the state 
of an ideal gas and the ability to interpret the nature of 
changes of all the parameters that determine the state of 
a gas (for example, the change in gas pressure from the 
plot of gas volume versus temperature) are essential to 
attain a thorough knowledge of this branch of physics. 

Many graphical problems in this section are intended 
to develop these skills and throw some light on the essence 
of the equations representing the simplest processes that 
can take place in an ideal gas. 

When solving problems involving the application of 
Gay-Lussac's law most of the errors are caused by the 
incorrect use of the coefficient of volume expansion of a gas. 
_ We know that the change in the volume of a gas on heat- 
ing is always related to the volume occupied by a given 
mass of gas at nought degrees Centigrade. Some pupils 
forget this, and relate the change in the volume of a gas 
not to the state at zero degrees but to some other "initial" 
volume corresponding to the "initial" temperature speci- 
fied in the conditions of the problem. This widespread error 
is discussed in Problem 253. A thorough examination of this 
problem is recommended. 

At the end of the sec 
problems on the calculatio 


tion there are some elementary 
n of the work done by agas and 
the expenditure of heat required to raise the temperature 
of a gas in various conditions. Study the theory of the 
subject again before you tackle the problems. 


237. Using Gay-Lussac’s law V = Vo (1 + at) and the 
definition of absolute temperature, derive the formula for 
the relationship between volume and absolute temperature 
at constant pressure. Plot this dependence. 

238. Derive the formula showing the dependence of pres- 
sure on absolute temperature in this process if at constant 
volume P = Po (1 + at). Plot this dependence. 

239. A certain mass of gas is heated first in a small vessel 
and then in a large one. During heating the volumes of 
the vessels remain constant. 

How will the pressure-temperature graphs differ in the 


first and the second case? 


5* 
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in, 

240. The gas in a cylinder is enclosed by a freely d 
piston. Plot the dependence of volume on "p piston; 
(a) when the gas is heated with a small load on 
and (b) 


ure 
ow will the position of the volume versus a 
curve change at constant (internal) pressure w 
external pressure ig altered? . al 

241. What will the relative arrangement of the ete is 
lines of a gas be on the volume-pressure graph for die ir 
Sion of the Same mass of gas at a low and a high temp 


Fig. 85 


Fig. 86 

242. Draw curves showing the dependence of volume vs 

temperature for g t pressure, constant volum 
and constant temperature, 


245. The gas in à cylinder is enclosed p iston A 
(Fig. 85). The Piston end has an ar pea 
amount of sand 


; necessary pressure on the 
Sessel m 2 small portions onto the 

i UpPport the Pressure exerted on the piston 
les gradually cha i is also Possible to change the 
oi of the gas by Placing the cylinder on heaters or 
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i A plot of pressure versus volume for a gas expanding 

n such a cylinder made from direct measurements is illu- 

Strated in Fig. 86. 

" How can this plot be used to determine the nature of 
ange in the temperature of the gas? 

b 6. A curve showing the dependence of pressure on 
absolute temperature was obtained for a certain gas 
sig. 87). Does compression or expansion take place when 

e gas is being heated? 


" V 


2 
—: Fi 


1 


Fig. 87 Fig. 88 


247. Use the vol ture curve (Fig. 88) to find 
hj ume-tempera 
graphically the nature of change in the pressure of a gas 
uring heating. 
-A anata volume vessel is used to Dao ee 
grams of a certain gas and then 2m grams o ipe 2 xa 
Draw the curves showing the dependence of pressi ia 
temperature in each case. Indicate the difference in 
Positions of the curves. . s 
49. A movable: paton is inserted in a cylinder comen 
on both ends. One end of the cylinder contains 7 cum 
a certain gas and the other 2m grams of the same Dh idi 
What. fraction of the cylinder by volume W Mad 
by 2m grams of the gas when the piston is ii a di n 
50. A gas of molecular weight p 18 heate n iie ud 
enclosed by a freely moving piston. A gas of ey 
Weight 2 is then heated in the same cylinder. ^O on the 
of the gasses and the pressure exerted by the load on 
Piston are the same in each case. 
Will the Plots. of volume versus temperature be the 
Same in each case? 


70 PROBLEMS 


3 A fitted 
251. The piston in a gas-filled cylinder is Pag na n gas 
against the wall of the cylinder and can slow y 


ased. - aan 

252. Plot the variation in teg odi: 

2 sity of a gas with pee à 

je Stant pressure and the depen Ae od 
the gas density on pressure 


Stant temperature. ! of 
g F 253. OR the thermometric apale ii 
Fig. 89 the Russian Academician I. N. 


nds 

the boiling point of water correspo 

to zero and the melting point of ice to ou —" 
What value of the temperature coefficient of ga 


rature 
Sion at Constant pressure Should be taken when tempe 
is measured on Delil's scale? 


254. A hollow ball. wi 


he internal volume of e 
en graduations is 0.2 cm’. The ball and a p 


e 
Water. At a temperature of 5°C dis 
ges itself near the 20th graduation. here 
graduation in the room w 
the temperature is being measured. 
at is th n the room? Neglect the change 
in the volume of the vessel. 


T Separated from the atmos 


^ en remains in the tube. 
mospheric pressure? 
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ee The limbs of a U-tube are equal in length. One of 
igh ios is soldered and contains a column of air 28 cm 
and Y he air is separated from the atmosphere by mercury 
Whe pressure is equal to the external pressure. 
i ded will the height of the air column be in the soldered 
mb if the second limb is filled with mercury to the top? 
e external pressure is 76 cm Hg. 
&ü 8. An open glass tube is immersed in mercury so that 
fbi of length /, = 8 cm projects above the mercury. The 
e is then closed and raised 44 cm. ; f 
att at fraction of the tube will be occupied by the air 
er it has been raised? The atmospheric pressureis P= 


= 76 cm Hg. 

a A cylindrical glass is lowered upside down into 
er and floats so that the inside of its base is at thesame 

a with the surface of the water in the vessel. The glass 

xelghs Q — 408 gf, the area of the 

im is S — 10 cm?. The pressure of 

e air in the glass before it is sub- 
merged is P = 76 cm Hg. 

„What part of the glass will be ocet- 
Pied by the air after it is submerged? 
260. A cylindrical vessel is half-filled 
with mercury and then hermetically 
Sealed by a cover through which @ siphon 
fag is passed. The height of the vessel 

cm. . 

The si filled with mercury In advance, 
kas nh ig M or da end a one tube is located at 

e botto sel (Fig. 90). 

At rid we el will the es 4 cease to 
flow through the siphon? By how much will au T 
level then have dropped? The external pressure i mm Hg. 

261. A column of mercury of length h= her sec 
tained in the middle of a narrow horizontal tube 80 ere 
at both ends. The air in both halves of the tube 1s un er 
a pressure = 76cm 3 : 

_ What dh ill the mercury part T if the tube 
is placed vertically? The length of the tu prs aot . 

262. A cylinder closed at both ends is CIY! t fne Fa 
equal parts by a heat-proof piston- Both parts of the cylin 


Fig. 90 


LEMS 
72 PROB 


ture fo = 
der contain the same masses of gas at a tempera iul 
= 27°C and a pressure P, =4 atm. linder will t 4 
What distance from the middle of the, oy mie fa heste 

piston be displaced if the gas in one of t ma case in eac 
to t = 579 What will be the pressure in his cylinder is 
Dart of the cylinder? The length of hal 

l = 42 om 


d 
end an 
263. A glass tube 45 cm long soldered et mercury 
Containing a certain amount of air is immer: i» aboye: the 
So that 10 cm of the tube projec he mercúty 
surface (Fig. 91). The level of ie hen than 
inside the tube at 0°C is 5 cm : ig 
the mereury level in the vessel. —— 
Y how much should the temp for it to 
the air in the tube be increase tube? The 
occupy the entire volume of the Hg. The 
atmospheric pressure is 75 Muir eg 
mercury level in the vessel is inv EE 
264. Caleulate the value of x Gay-Lus- 
Fig. 94 in the Combined law of Boyle an DT oris 
E sac for one gram-molecule of gas 
ries and in CGS units. . Pm aes 
265. Two Vessels of equal volume and weight o 
Sed in wate toa depth b. One of the vessels has a 
tom which admits water 
Is the sa e 


w 
ers in the Wat 
6 


: lin- 
Ork required to immerse each of the cy 
er? 


ie 

+ One 8ram-molecule of oxygen is heated at a co 

Stant Pressure from 0°C. 

at amount of heat Should be į 

double its Volume? The heat capaci 

conditions ig p = 0.218 cal/g -deg. 
26 S 


mparted to the ganto 
ty of oxygen in t 


1°C in a cylinder fitted with a 
ight of the Piston is 2 a 


nd its area S. Downe 
eating th gas does work to lift the Piston. Express t 
ee (a) in terms of the Pressure and th 
of the ga 


? change in volom 

(b) in terms of the constant R in the combine 
equation of oyle and Gay-Lussac. Disregard the pressure 
of the Outside atmosphere: i 
. 268. Vertica] Cylinder With a base of area S — 10 cm 
is filleg With gas. The cylinder ig fitted with a piston 
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Teens G = 20 kgf which can move without friction. 
e original volume of the gas is Vo = 11.2 1 and the tem- 
perature tọ = 0°C. 
ane quantity of heat is ne 
eit e gas in these conditions 
tial of this mass of gas with 
t position is C, — 5 cal/deg? Disregar 
e outside atmosphere. 
t 269. Explain why a gas can only expand at constant 
emperature if a certain quantity of heat is supplied to it. 
lu 70. A certain amount of gas initially occupying a vo- 
bs ye Vo at a pressure Po and a temperature T, expands first 
to constant pressure and then at constant temperature 
à volume Vj. 
fe which of these two cases will the gas do more work? 
ja 1. A cylinder filled with gas is placed in a heat-proof 
cket. 
se will the temperature of the gas change if the volume 
the cylinder is gradually increased? 


eded to raise the temperature 
by 10°C if the thermal capa- 


the piston secured in the ini- 
d the pressure of 


16. Surface Tension 


aL The Russian scientist M. V. Lomonosov recorded 
in ollowing results from his experiments on raising à liquid 
i o dla pi “rise of liquids in a capillary tube to the 
cohol water 26, alcohol 18, volatile al- 
ol of ammonium salt 33”. One line= 
= 2.56 mm. 
tone data to determine the rela- 
ien ip between the surface tensions of 
ed il substances. Find the radius of the _ 
"A lary used by M. V. Lomonosov. 
d e surface tension of water is & = 
yn/em. The densities of both alcohols | 
are the same and equal to 0.8 g/cm’. 


h 


273. A capill i 
: pillary tube of radius r and ig, 92 
height k; is connected to a broad tube as Fig. 9 
Shown in Fig. 92. The broad tube is gra- 

r falling at equal intervals. 


dually filled with drops of wate 
Plot the changes in the levels of 
with time and changes in the difference bet 


the water in both tubes 
ween these levels. 


74 PROBLEMS 


d 
5 e an 
Calculate the maximum water level in the broad tuba Pi 
e maximum difference in the levels. The surfac 

OL Water is æ. 


r has 
274. The following design of a perpetuum mobile 
been Suggested, A Capillary of radius r is chosen height 
allows water to rise to a ht Bas 
1 h (Fig. 93). At a heig ae 
smaller than h, the capi d is 
is bent and its upper LT a8 
made into a broad Sn 
Shown in the diagram. h to 
Surface tension is ee ight 
Taise the liquid to the he ihe 
1 and introduce it into the 
funnel. The liquid T ande 
broad part of the funnel T 
ches itself from its upp 


ill this pe 
error in the re 


5. Will the results of 


s he 
Tpetuum mobile actually operate? Find t 
asoning above, " 
measurements on the pcr 
ng a hydrometer e affected by the ac ter 
of surface tension? How Will the Position of the iyi 
Change if it is in water and Severa] Tops of ether are oe 
®nsion of ether is smaller t 
that of Water. d 
LA Capillary tube With very thin walls is peuobe 
to the beam of a balance whic is then equalized. The ru 
end of the Capillary jg brought ; Contact with the surface 
of water after whic additional load of P — 0.135 g 
is needed to riu 


e of the can: tension 
of water is q — 70 dyn/cm. ° nnd: nudas 
277. Explain the follow; 
MOnosoy: « 


Sinon ing experiment performed b 

N : up, ereury can ? Temoved from a ye 

in twenty-four hou Sing a Sheet of lead folded into 
9ne end in the mercury.” 
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‘oe A rectangular wire frame with one movable side is 
ered by a soap film (Fig. 94). 

iin hat force should be applied to the movable side to 

* nterbalance it? What work will be done if this side of the 
ame is moved a distance S — 2 cm? What will be the 


i rm of this work when the surface of the film is reduced 
nd into what kind of energy will the work be transformed? 
— 6 cm. The surface 


The length of the movable side is l 
nsion of the soap film is æ = 40 dyn/cm. 


Fig. 95 


Fig. 94 


fiat” A light open rigid paper frame as shown in Fig. 95 
Wh on the surface of water. 
» hat will happen to the frame if some soap solution is 
= pped inside it? What force will act on the frame and in 
2. direction will it act? 
ames When some useless work is done it is commonly 
Wh at it is the same as carrying water in a sieve. : 
Reon en can water really be carried in a sieve without it 
R through? What is the maximum height of the 
the er layer that can be carried in a sieve if the diameter of 
b mesh is d = 1 mm? Can the water poured into a sieve 
e drained over its edge? The surface tension of water is 
€ = 70 dyn/cm. 

281. Part of a capillary is lowered into a wetting agent. 
Can the loss of weight of the capillary be calculated by 
Archimedes’ law? What will the answer be in the case of 

a non-wetting agent? 
us r is lowered into a wetting 


282. A capillary of radi 
agent with surface tension @ and density d. 
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ee afes PD 
Determine the height ko to which the liquid will rise i 


e work done by surface pe 
acquired by the liquid in x 
two. Explain the difference 


the capillary. Calculate th 
and the potential energy 
Capillary and compare the 
the results obtained. 
n order to remove paraffine and other fatty spots 

from fabric they are 
Why d 


usually ironed hot through Pap 
oes paraffine or fat soak into the paper roe: 
case and not spread over the fa Tu 

Should the paper used for ironing 
Sized or not? E 
284. In a device designed by Aca- 
demician Rebinder the surface li 
Sion is determined from the pn 
difference required to form a bu ete 

of air at the end of a capillary i 


mersed in the liquid being investiga- 
ted (Fig. 96). 


. Calculate the surfa ing 
is r= 1 mm and the difference in the pressures dur 
bubble fo 


radius of r 0 05 e sealed at the top 


ns to a height h = 4 cm? The 
o = 1 atm. The surface tension of 


water is œ — 70 dyn/cm 
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17. Humidity of Air 


288. A test-tube of height h is filled to the top with water 
and its open end is lowered into a glass of water. 

At what temperature will the level of water move away 
from the bottom of the test-tube? What will occur in the 
test-tube if the water is further heated to 100°C? Disregard 
the action of surface tension. 

289. The temperature of the air is 4, = 20°C and the dew 
point t = 8°C. Find the absolute and relative humidity of 
the air if the elasticity of the saturated vapour pressure 
at 4 is p, = 17.54 mm Hg and at tz, p2 = 8.05 mm Hg. 

290. In what conditions can the relative humidity dimi- 
nish when the absolute humidity of the atmospheric air 


increases? 

291. Two vessels co 
one at a temperature of 
of 10°C. 

What amount of dew will be deposited when these two 
masses of air are mixed if the volumes of the vessels are 
the same and equal to 1 m?? Assume that within the chosen 
range the saturated vapour pressure is proportional to the 
tomperature and equal to 9 mm Hg at 10 C and 17 mm Hg at 

REL. 


ntain air saturated with vapour— 
20*C and the other at a temperature 


Disregard heat losses due to the heat exchange with the 


walls of the vessel during mixing. ` 
292. A vessel contains air at a temperature of 10°C and 
humidity. of 60 per cent. zais ote PH bs 


What will be the relative humidity 0 
heated to 100°C and its volume is simultaneously Genesee 
to one third? The absolute bunidity corresponding to the 
saturated vapours at 10°C is 9.43 gim- . 

293. What amount of dew is deposited when a certain 
volume of air is reduced to one quarter if the initial volume 
of the air is 1 m?, the temperature 20°C and the humidity 
50 per cent? The temperature is constant throughout. 
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ELECTRICITY 


18. Coulomb’s Law 


TE 
atics ! 
When Studying the fundamentals of TEA law for 
is especially important to master first Conon of electric 
calculating the forces produced by a d ean how the 
charges and, particularly, to understand c harges can be 
Principle of independent action of electric c : 
used to solve roblems. A " are pre- 
The problens in this section and their kdo e 
Sented so as to indicate the Sequence in whic the problems 
Can best be applied, especially when soving i se problems 
in Secs 49, 20 and 21. At the same time t uc used for 
allow the reader to revise the methods maak | systems: 
finding the equilibrium of separate bodies a f electric 
n solving the Problems on calculation o 
ch: 


oa ilibrium © 
arges, pay attention to the stability of the equilibr 
Charges (for example 


eg 

» if the equilibrium of the eae 

in Problem 299 is stable With respect to the chau d 

along a straight line Connecting all the three pre other 

will be unstable with respect to motion in all 1 theorem 

directions), This is a particular case of the genera i 
Which states that it is i 


ul- 
impossible to attain a stable ed 
librium in a system of free electric charges, 


294. How sh 
to obtain the f 
lombs and the di 


ch. 
cgs electrostatic 
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296. An electron with a charge e and mass m rotates in 
a circular orbit of radius r around a nucleus of charge Ze. 

Determine the velocity of the electron in this orbit. 
Perform a numerical calculation for a hydrogen atom. 

297. The distance between two fixed positive charges 
4e and e is l. 

How should a third charge q be arranged for it to be in 
equilibrium? Under what conditions will the equilibrium 
of the charge q be stable and when will it be unstable? 

298. Two free positive charges 4e and e are a distance a 


apart. 


What charge is needed to achieve equilibrium for the 


entire system and where should it be placed? — 
299. A negative point charge 2e and a positive charge e 
are fixed at a distance Z from each other. 


ac 
-—9-—34—-9-—— —ó-— 
—2e +e +7 
coe e 
Fig. 97 


Where should a positive test charge q (Fig. 97) be placed 
on the Seapets the charges for it to be in rie 
brium? What is the nature of equilibrium of abe bi in 
with respect to longitudinal motions. BEG Y e d 
of the force acting on this charge on the distanc 
it and the ch e. 

300. yos saree Ea balls each have a mass of 10e What 
charges should these balls be given 50 that their in esie 
equalizes the forces of universal gravitation acting ined 
them? The distance between the balls is large in comp 
to thei ii. * re 

tC ie cadi identical metal balls having porive 
charges of 5 and 20 cgs electrostatic units are place 
apart. 

Will the force of interaction between the 


302. The distance be 
charges is l = 2 cm. The ra 


80 PROBLEMS : 
MIC ROREM EL 
than Z. The attractive force between the bals ad xu 
dynes. After the balls have been connected a other with 
the latter has been removed, the balls repel eac 

à force P, — 2.95 dynes. 


i igi balls. " 
Determine the original charges on the is sus 

303. A small cork ball with a mass m — 0.58 g i 
pended from a 


a d at 
thread 10 cm long. Another ball is ae i 
a distance 1 = 10 cm from tae P from 
Suspension and at a ow 
the thread as shown in Fig. 9 f the like 
What should the magnitude b to de- 
and equal charges on the balls be 
; lect the thread through 30°? d con- 
\ 304. Two small exually paca et 
-ol ducting balls are suspended e e 
threads secured at one: poin, ʻe such 
charges and masses of the balls red the 
that they are in equilibrium wi 10 cm 
distance between them is i is then 
(the length of the threads L 3, a). One of the balls 
ischarged, 
Ow will the balls behave a 
istance b between the bal igner of 

05. The Russian professor Rikhman was the desig 
one of the world’s first e] 
of à vertical meta] bar at the top of which 
Was attached a linen th 
flected from the b. 
an electric Charge (Fig. 99). 
Were taken on quadrant graduated in deg- 
Tees. The length of the thread 
mass is m. 

What will be the charge whe 
of such an electrometer is defle 
an angle a. Make the following assum- 

Ptions: (a) the the electrometer is equally 

distributed between the bar and the thread; (b) me 

cangos es the pentrated at point A on the thread and a 
ar. 


de; -V0 point Charges with the same Sign and magni- 
tude q = 3.4 cgs electrostatic units are 17 cm apart. 


7 
n the thread iv. 99 
cted through Bis 


CHAPTER III. ELECTRICITY 84 


" With what force and in what direction will these charges 
e acting on a unit positive charge located 17 cm from each 
of them? What is the magnitude and direction of this force 
if the former two charges are unlike? 

307. Four identical free positive charges e are located 
at the four corners of a square of side a. 

What charge should be placed at the centre of the square 
to obtain equilibrium? Will this equilibrium be stable? 


19. Electric Field. Field Intensity 
n electric field and the quantities 
that describe it is one of the most difficult parts of the 
curriculum but is something that must be thoroughly 
mastered. 
For this reason this section mainly concentrates the 
Simplest problems involving the application of the equa- 
tion F = e£, on the distribution of charges on the surface 
of conductors placed in an electric field and on the motion 
of charged bodies under the action of the electric field 
orces. 
Most of the problems in this section are of a qualitative 
nature and they are designed not simply to calculate the 
forces but to illustrate the behaviour of charges in condu- 
ctors under the influence of an external electric field and 
also the nature of the changes that take place in a field 
when conductors are introduced into it. 
Special attention should be paid to the solutions of Pro- 
blems 319-325 which show the simplest ways of calculating 
the motion of bodies produced by an electric current. 


308. Find the intensity of an electric field set up by a 
point charge of one cgs electrostatic unit ata distance of 
4m from the charge. Express the intensity in the absolute 
and practical electrical units. 
309. Two equal like point charges of 2 cgs electrostatic 
units each are situated a distance 2a = 
Calculate the intensity and the potential at a point 
situated halfway between the two charges. 
310. A charge g is placed on a metal wire ring of radius R. 
Determine the intensity of the field set up by this charge: 


6-1325 
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int A 
a , the poin 
(a) in the centre of the ring O (Fig. 100); (b) a 
lying on th 


Fig. 100 


Fig. 404 


- larly 
milar 
Will the leaves of the electroscope be deflected si 
in these three cases? 


in the 
" in 
An uncharged Conducting ball is placed il the 
Uniform electric field of a plane capacitor. 4 the fie 
form and the nrrangement of the lines of force iat causes 
Change after the ball has been introduced and quipotential 
is change in the field? Draw the system of "mai the bal 
Surfaces, Show What induced charges will appear o i 
and where they will appear. o ele- 
313. Ho can a positively charged ball be bee rogati- 
Ctrify two other ba] S—one Positively and the othe 
vely —without reducing its own charge? . hollow 
" ositively Charged ball is placed into "location 
p qUeharged sphere. Indicate: (a) the harges: 
i S produced; (b) the e. fiel 
e changes in the posee inem 
side the sphere and where ihesa o the 
3 48e in the field inside and outsi 
Sphere if the ball is fixed 


Á ht 
ed and a charged body is broug 
ži e from the outside, 


ive 
Charge e is Placed in a hollow conduct 
d Sphere, ter this t 


ith 
he sphere is connected ilg 
a short time and the ball is then removed act 
the sphere. ‘The all has not been brought into cont 
With the Sphere, 
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What charge will the sphere have after these operations? 
Where and how will this charge be distributed? Wise ou 
be the nature of the field and how will it be located? 

316. Two large metal plates tightly fitted against each 
other are placed between two equal and unlike point charges 
perpendicular to the line connecting them (Fig. 102). 

What will happen to the plates if they are released? 

What changes will occur in the electric field in this case? 
Draw the lines of force of the changed field. 


1234 


=e 


Q-—----9 
Fe 


Fig. 102 Fig. 103 


317. The plates considered in the previous problem are 
introduced into a field so that they do not touch each other 
and are then drawn a certain distance apart. Draw the 
distribution of the lines of force of the electric field after 
the plates are drawn apart and show how the induced charges 


are distributed in them. 

318. Two parallel metal pl 
distances into a plane capaci 
Plates Z and 4 are connected to a bat 
motive force 8. 

(a) What are the potentials of each of the four plates? 

(b) How will the potentials of plates 2 and 3 and the 
intensities of the fields in each of the three spaces change 
after plates 2 and 3 have been closed for an instant bya wire? 
What will happen in this case to the charges on plates Í 


and 4? 
(c) Will there be charges on plates 2 and 3 before and 


after shorting? 


ates are inserted at equal 
tor as shown in Fig. 103. 
tery with an electro- 


6* 


84 PROBLEMS 


319. A ball 


has a mass 
Tostatic units 


t- 
of 10 g and a charge of 5 cgs elec 
of electrici ty. 


g iform 

ith what acceleration will the ball move in a unifo 

electric field of intensity 300 V/cm? 
- The control plates in a 


istance b 


= 5 em. The plates eee 
oltage of 50 V An electron moves into the cap 
y v = 20,000 km 
5 mm from the lo 
OW will th 


* hat 
e electron move inside the capacitor? W. 
istance h from the original posi 

displaced by th 


e 
tion will the electron b 
e time it leaves the capacitor? 


/S parallel to the plates 
wer plate. 


0 
\ 
d 
\ 
\ 
1 
\ 
1 
\ 


\ 
\ 


| 
| 
l 
| 
l 
l 
l 
l 
| 
ee 


Fig. 104 


Fig. 105 

321. A Speck of dust of mass 10-9 e and charge 9.60 x 
X 10-8 egs electrostatic units i d between the hori 
zontal plates ofa 


k of dust’, 22d in the capacitor H the 
hes i ction 
€ electri I e om fe equalized by the a 


all of mass m (Fig. 104) is suspended 
imate of length l between the plates of a large plane 


a) Positively; (b) negatively? 
i vio 8 ls suspended from a thread 

any charges yee? the previous Problem). In the absence of 
ges t iod of Oscillation of the ball is 7,— 
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= 0.628 s. After the capacitor and the ball are cha 
Period of oscillation becomes Ta = 0.314 s. TER ttig 

What force has the electric field of the capacitor exerted 
on the ball? What is the length of the thread from which the 
ball is suspended? Determine the period of oscillation if 
the sign of the charge on the ball is reversed. 

324. A metal ball on a long thread is placed between the 
plates of a capacitor as shown in Fig. 105. 

How will the oscillations of this pendulum change if the 
ball and the plates of the capacitor are charged? The pendu- 
lum swings in a plane perpendicular to the plates. 

325. What is the charge on the Earth if the intensity of 
the electric field near the terrestrial surface is 1.30 V/cm? 
Consider the Earth as a sphere of radius 6,400 km. 


20. Work Done by Forces in an Electrostatic Field. 
Potential 


In the study of the potential of an electrostatic field the 
student comes across one of the:most important properties 
of an electric field—the fact that the work done by the field 
forces is independent of the path. Since it is usually diffi- 
cult to get into the habit of using this property correctly 
some of the problems in this section are intended to illust- 
rate the meaning of this fundamental property of an electro- 
static field and indicate how best to apply it when solving 
problems. 

A series of problems at the beginning of the section require 
the use of the independent action of electric fields to calcu- 
late the potentials of separate points in a field and the work 
done when charges move in a field. 

In analyzing the results of the solution of Problem 336 and 
the problems that follow it attention should be paid to the 
best method of using the relative arrangement of the lines of 
force and the equipotential surfaces of an electrostatic field 
when carrying out the simplest calculations. The problems in 
this section are recommended for discussion amongst senior 


grades in secondary schools. 


326. The distance between the plates of a capacitor is 
d = 5 cm, and the intensity of the electric field in the capa- 


PROBLEMS 


> its. 
nt and equa] to Z= 2 cgs eico ponte anit, 
oves along one of the lines of force fro 


orn ity of 
Plate of the capacitor to the other. The initial velocity 
the electron is zero, 


at velocity is im 

e work done by the 

3 e intensity of 

is 2 gs electrostatic units " 

the plates is 3,000 y itor? 
What is the distance between the plates of the capac 


: an 
e radius of a charged metal sphere R is 10 cm 

its potential is 300 V. Find the cha 
phere, 


ce 
rge density on the surfa 
ot the s ind 
329. Two like point Charges of 5 cgs electrostatic u 
each are at some distance from each other. 

D 


the 
etermine the Potential at a point 10 cm from each of 
arges, nd the 
How will this potential change if the Space arou = 2? 
Charges is filled with a dielectric of permittivity H ld is 

3 © Potential at a Point A in an electric fie 

and at point B, Vp = :200 v. ge of 

u move a positive charg 

from point 4 to point B? e 

91. Two ide 3 alls of radius r = 2.9 um ine 
ata distance g — rom each other and are charged, 6s 
With a potentia] y, = + 1,200 y and the other with a p 
tential = — 1,200; v. 

What are 7» On these balls? d b. 
etal concentric Spheres have radii a an on 
charge q on the inner Sphere and a charge Q 

phere, 
ind the expressions for 


: f 
the intensity and the potential o 
the field Outside the Spheres and ; 

ere, 


h Inside the firstand secon 
Sp 

333. A charge is uniformly distributed over the surface 
a rd concentric Conductive Spheres (with the same den 
Si y o). 

W. 


i f this Charge if 4 uantity of work 
city from infini ed to transfer ont Positive unit of eloetri- 
y from Sommon centre of the spheres? The 

e and 10 em, 
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334. The distance between the plates of a charged plane 
Capacitor disconnected from the battery is d — 5 cm and 
the intensity of the field in itis Æ = 300 V/cm. An uncharged 


metal bar 1 em thick (Fig. 106) is intro- 4 
uced into the capacitor parallel to its 
plates, 


Determine the potential difference 
between the plates of the capacitor be- 
ore and after the bar is introduced. 
335. The test ball in Problem 311 is 
Connected by a wire to an electroscope 
and passed around the entire contour 
of the body (Fig. 101). bn dits 
Will the readings of the electroscope Fig. 
change in this case when it moves from 
Point A.to points B and C? i 
336. The ‘equipotential surfaces of a certain field are 
Shown in Fig. 107. It is known that V, > Vs. Use = gae 
tern to reproduce approximately the lines of force of this 
field and indicate their direction. 


E 
CN 


Fig. 107 


ttt ttt 
TUT T1 1401 


Fig. 108 


Determine the region in which the intensity of the field 


» 337° The intensity of an electric field inside a capacitor 


a t. e the work needed to move a charge gin a closed 


lar circuit (Fig. 108). ` 
"38 Use the E of the previous problem to prove 


it is impossible to produce an electric field in which all 
E ded of pem would be parallel straight lines and the 
density of their distribution would constantly increase in 
a direction perpendicular to the lines of force (Fig. 109). 
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of 
ike arcs : 
339. Prove that if the lines of force are ues ps 2 certain 
concentric circles with their centre at pot field in th 
section of a field (Fig. 110) the intensity o 
section shoul 


tiona 
d at each point be inversely proporti 
its distance from point O. 


i 
ui EN (anes 
E a 
—————— cU S 
— c cote 
x J 
= Vy 
Fig. 109 Fig. 110 
21. Electrie Field in a Dielectric -— 
ic 
340. A charged metal ball is surrounded by a thi 
Tical layer of a 


dielectric. Draw th o ielectric: 
force of am electric field inside and outside E dant 

Indicate why the electric field changes at the i 

the dielectric. thickness 9 

* The radius of a metal ball is 5 cm, the he ball i 

ical layer of a dielectric surrounding t 

em, the permittivity of 
of the ball 


arge 
the layer is e — 3 and the ch 

> q = 10.8 cgs electrostatic units. 
Calculate the inten 


: lying 
Sity of the field at the pos d of 
distance r, = 6 d r, = 42 em from the 


explained 
dielectric 


CHAPTER III. ELECTRICITY 89 


343. Charged balls suspended by long threads as in 
Problem 304 are placed into transformer oil. The density of 
the balls d is greater than that of the oil dp. 

Find the distance b between the balls after they have 
been immersed in the oil. The permittivity of the oil is e. 


22. Capacitance and Capacitors 


One of the most difficult problems concerns the relation- 
ship between the magnitude of charges on capacitor plates 
and the field intensity in a capacitor. It is also difficult to 


determine how the charges on the plates and the forces of 


interaction between bodies change when these bodies (or 
dia with various dielectric 


a capacitor) are placed in me 


As regards the change of interaction of two charged bodies 
when the charges of these bodies 


are invariable or when their potentials are kept the same, 
students sometimes think that this interaction decreases in 
all conditions in. proportion to the permittivity of the 
medium. f 

In order to avoid such misconceptions the student should 

carefully consider the physical meaning of capacitance as 

takes into account the 
effect of the shape, dimensions and position of a body and 
the properties of the medium on the relationship between 
the potential and the charge of the body. Proper attention 
should also be paid to getting a mental picture of the 
changes in an electric field when a body is placed in various 
media and to the dependence of these changes on the 
conditions in which the media are changed. 

The first few problems in this section consider those cases 
in which an increase in the permittivity of a medium causes 
the force of interaction between the charged bodies to 
increase at the same time. 

When analysing the solutions of Problems 344-346, follow 
carefully the change in the magnitude of charges an 
field intensity after bodies have been immersed in a dielect- 
ric under various conditions. 

The end of the section offers several problems on the 
calculation of the interaction of capacitor plates and the 
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H in 
Work needed to draw the plates apart. Although not withi 
the scope of the School 


the Student to get a muc 


; is- 
: Pay attention to the changes Hr un ae 
tribution of charges for different methods of capacitor 


d 
344. A plane capacitor is placed in a glass vessel an 
Connected to a Storage battery as Shown in Fig. 111. Switch 4 
is closed, The e.m.f. force of the battery is @ =12 V, 


2 

: area of the capacitor plates S = cad 

and the distance betwen the Pio o 

mh = 1 mm. Determine the uu 
A the charges across the capacitor p 


in the following two cases: e 
(a) Switch A is opened and then ae 
vessel is filled to the top with trans 
mer oil of permittivity e = 2.2. h oil 
EH Q Fey vessel is first ni wit 
and then switch 4 is opened. ic 
= H how how the intensity of the ei 
EEH field will change in the capacitorin t 
Fig. 441 two cases when the oil is poured in. in- 
5. . WO small charged bodies 
teract in air with a force Py. be 
ce of interaction between these ap sir 
ielectric of permittivity e if t 
the same as they were in air. e 
harged balls Permanently situated a largs 
iced consecutively in a number of meris 
is fee tes. The magnitude of the d 
While the otentia1 wet Constant in one series of experimen 
D an difference remains the same in the other- 
roc? Of interaction of the balls change as the 
i in these cases? s 
has a charge g, = + 20 cg 
ity and a ball B of radius 10 cm 
= -+ 20 egs electrostatic units. The 
wire, 
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wi what direction will the charges move along the wire? 
b at quantity of electricity will be transferred from one 
all to the other? What will the common potential and the 
Charges of the balls be after connection? The balls are a long 


Way apart. 

348. A capacitor of 3 pF is charged to a potential differ- 
ence of 300 V, and a capacitor of 2 uF to 200 V. Both charged 
capacitors are connected in parallel by the like poles. 

What potential difference will be set up on the plates of 
the capacitors after connection? 


349. After charging the capacitors in the previous pro- 
e charges are connected. 


blem their plates charged with unlik 

What quantity of  lectricity will be transferred during 
connection and from what capacitor will this take place? 

350. Identical charges e = x 10-4 cgs electrostatic 
Units are put on mercury drops of radius r = 0.1 cm. Ten 
such drops merge into one large drop. 

What is the potential of the large drop? 

351. Three capacitors of capacitance 0.002, 0.004 and 
0,006 uF are connected in series. : r 

Can a potential of 14,000 V be applied to this battery? 
What voltage will be received by each capacitor in the bat- 
tery. The puncture voltage of each capacitor 1$ 4,000 V. 

352. Calculate the capacitance of a capacitor (see Problem 
334) with a metal bar inserted into itif the area of each 
plate of this capacitor is $ — 100 cm* 
and all the free space in the capacitor 
is filled with kerosene (e = 
. Will the capacitance of the capi 
citor be changed if the bar is mov? 
parallel to itself from one plate to the 
other? 

353. In a concentric-shape © 
tor, the external and internal SP 
are alternately connected to 
(Fig. 112). 

Will the capacitance of 
iw f l capacitor a 

- The char; ch plate of a plane re 
acted upon by the ENT feld set up by the charges on the 
other plate, Theoretical calculations show that the intensity 


apaci- 
heres 
earth 


Fig. 112 


this capacitor be the same in these 
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ae 
of such a field set up by the charges of one plate in 
Citor is equal to 


Q 
E= on zehe aren of each 

where Q is the charge on the plates and S is the js 
plate. : force with which ; 

If Q and S are known, determine the for ki attracte 
plates of the plane capacitor will be mutu s pene y 
What work is needed to draw the pope pa capacitan 
a distance d, Express this work in terms o tao e in term 
of the capacitor and the potential ree d M 
of the capacitance and the charge on the em Py a fla e 

355. Find the charge density on the pede between 
capacitor if its capacitance is 100 cm, the di and if t 
the plates 2 mm ttracted 
plates are rr a 

force of ^ 354. 

eios See Problem io of a 

356. One of the PO a 
plane capacitor is P palance 
from the beam of a o bet- 
(Fig. 113). The distanna is 
ween the capacitor Lien o 
d — 5 mm and the a 


la 2 
z y the plates is 628 cm’. dif- 
tes Fig. 443 What is the potential C 
ig. 


d on the 

a weight P = 0.04 gf has to be nine 

other pan of the balance to obtain equilibrium " 
Note. See Problem 3 apar 
357. The plates of a plane capacitor are first grawn Fien 

all the time being connected to a voltage source a * 

being disconnected after receiving the initial see gi draw 

n which of these two cases is more work require 
the plates apart? 


Note. See Problem 354. in pot- 
358. A Plane air capacitor is charged to a certain itor. 
ential difference. A dielectric bar is put into the EAE ndi 
© charge on the bar must then be increased three ti 
to restore the former potential difference, 
Determine the Permittivity of the bar, 


CHAPTER III. ELECTRICITY 93 


cmap IH.ELBOTRICUTY 9 


23. The Laws oi Direct Current 


This section requires special attention when solving pro- 


lems involving the application of Ohm's law to an electric 


circui E 
cuit containing several sources of e.m.f., and also the 
circuits and in 


Problems on current intensities in branched 
fp chons of a circuit containing the sources of e.m.f. 
teen errors in these problems usually occur because students 
* use the signs of e.m.f. acting in à circuit and the direc- 

ons of the currents and the electric field forces when writing 
€ equations of Ohm's law. 
erious errors are also made when students forget that 


ig intensity of current flowing in a section of a circuit with 
n acting source of o.m.f. is determined by the joint action 
; f the section 


of the electric difference at the ences © 
SO the ee of the source inside the section. 

or example, when calculating the current flowing through 
a storage battery of e.m.f. and resistance R when it 1s 
Charged from the mains having potential y, it is a common 
error to determine the current from the equation I 


Fequanty disregarding the proper CHATS y to calculate 
k rrors are frequently caused by y n the 
e effect of the internal resistance of emf. sour ot 
Beneral functioning of the entire circuit. number, E 
lems in this section (for instance; 83, 385, "ll the 
etc.) are included to clarify this very point as T: as a 
question of the best conditions for the operation of curren 
Ources. d ^ " . 
When solving most of the this section als 
Pip watch how the distribution O : 
nges when separate resistances OT *. solve such 
or replaced in the circuit. tw tpe p not know 


currents in branched circuits. . what conditions 
It is also important to show how and in v np ep 

one and the same measuring instrument can be ull im 0 
various purposes (for example, the use of an ammeter as an 
ohmmeter, or a milliammeter 35 7 voltmeter), and specify 
made during measurement 


the most typi 
: ypical errors that can De ó 
in various conditions (Problem 375). For this reason, some 
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the 

, : ased on i 

Problems at the beginning of this section teen ec RE 
heory and Operation of electrical measuri g 


n. 
i -6 ghm'C 2 
359. The Tesistivity of Copper is 1.7 x 10 
What is t 


1mm 
A ng and 
e resistivity of a copper wire 1 m long 

I cross section? 


- One of the first 
measurement for th 
Ties was made by th 

akobi's Unit of re 


; tio 
*. 4 resistance of i lectrosta 
Express this resistance in the units of the cgs e 

System, 


of resistance B — 6 x 10-5 deg^. wire 0D 

How will the result s if the elongation oi mew a 

heating is taken into account? The coefficient of lin d 
Sion of iron js € = 12 X 10-5 dega, t is rate 
: An electric lamp with a tungsten filamen ; 

at 220 V a Consumes 40 w. f is lamp if it 

he length of the filament in this la absolute 
diameter is 0.01 mm. When the lamp burns An o 

mperature of the filament is 2,700°. The reais Apen in 

tungsten which at OC isp, = 5 X 107? ohm -cm incr 


nt. 
e absolute temperature of the filame 

: Jetermine the intensity of the 
electric lamp j 


p he Previous problem 
is switched on. i 


With a dielectric of permittivity 
an electrolyte of Conductivity A. torin 
ind the ratio between the Capacitance of the capacito 
St case ang its 


Conductivity in the second. 
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ore In his experiments on the thermal effect of current 
us ussian Academician H.F.E. Lenz* assumed as a unit 
urrent the intensity of that current which would evolve 
1805 cm? of detonating gas in one hour at a pressure of 

mm Hg and a temperature of 0°C when this current was 


passed through acidified water. ; 
os Xpress Lenz's unit of current in amperes. The density of 
zren at a pressure of 760 mm Hg is d = 0.00143 g/cm’. 
ee What should the resistances of the sections of a rheo- 
tont ci Rz and R; be (Fig. 114) in order to change the cur- 
Want aes through an instru- iA 
Sr " resistance Rọ = 30 ohms 
is shif when the rheostat slide 
Spa ted from one contact to 
er. The circuit is powered 
Y à source of 120 V. 
the T It is required to measure 
tin esistance of a circuit opera- 
Bar at 120 V. There is only 
kie galvanometer with a Te 
[ia of 10-5 A per division. 
dd Should the galvanometer e 
meter? ey operate as an ohm- Fig. 
at mini sistance 
of the hie Y MS eane with such a galvanometer 
ll its full scale has 40 divisions? Construct the entire scale 
h Puch an ohmmeter in ohms per division. Disregard the 
Dternal resistance of the instrument. : 
9. A oertain tireuit with resistance R = 100 etg " 
Powered by a direct-current Source. An meg w it do 
internal resistance R, — 1 ohm is cut into the circul to 
measure t X : 
What ie rote ee in the circuit before the ammeter 
Was cut in if meter shows 
370. What bs the resistance of à shunt e pe 
ter be to reduce the response 0 the latter by weve i e 
internal resistance of the galvanometer ees ee ara 
ote ee il Lenz (1804-1865) is famous for his law 
on nh Friedrieh i Len Cun ape 1o he phenomena 
of electromagnetic induction underlying today the Ory Oke eS 
Phenomena. 
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n used as 
371. A milliammeter with a 20 mA scale is ie. the 
an a ter to measure current up to 5 A. ce of the mil- 
Tesistance of the shunt if the internal resistan m 
iammeter is 8 ohms, A ltmeter. 
- A sensitive milliammeter is utilized e b volts i 
Determine the Scale division of this ape cae e oe of the 
its internal Tesistance is 500 ohms and eac a 
Scale corresponds to 1 mA. . ms CO 
. voleneter of internal resistance E. pero a re- 
nected for measurement to a Section of a im 
Sistance of 20 ohms shows a reading of 100 V. 


R 


(V) 
Fig. 415 


if the 
What is the error in the readings of the shige naa dnd 
current in the Circuit remains constant before d the 

4. The circuit Shown in Fig. 115 is used to mea 
Tesistance 


volt- 
. ^n ammeter shows a current of 2 A and a 
meter a potential difference of 120 V 


Fig. 116b 
What i 


; 1 
hat is the magnitude of the Tesistance R if the ang ee 
resistance of the voltmeter is R, = 3,000 ohms? How Y 
Will the error in measuring R be, if the resistance of 
Voltmeter is assumed to he infi 


ions? 
nitely large in calculations 
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375. ; " 

" venu Xetra R is calculated from the readings of 

and 416b and an ammeter connected as shown in Fig. 1162 

internal without any corrections being introduced for the 
resistances of the instruments. 


Find 
à Ser Rana error which will be committed in measuring 
ce R — 1 ohm using these circuits if the internal 
— 0.1 ohm and of the volt- 


resi 
S E of the ammeter is Ra 
Ing a rois 1,000 ohms. What will the error be in measu- 
Used to istance R — 500 ohms? Which circuit should be 
ie didi high 
376 Pw mv 
a resist, certain circuit with 
is po ance R, = 10,000 ohms 
mde ered from a potentio- 
= 3 cH resistance Ry = A 
voltae p se (Bg: M A 
plied t V = 110 V is sup- 
etarmi the potentiometer. 
into th ne the voltage V fed 
is in ihe circuit when the slide . 
tometer ie of the poten- Fig, 447 
77. 
TN n g0 Y lamp burns in a room and an electric heating 
is 120 V. Th 40 W is switched on. The voltage in the mains 
devices fa e resistance of the wires connecting the electrical 
By. how the room with the mains is Ry = 6 ohms. 
changed eap will the voltage supplied to the lamp be 
378 e en the heating appliance is switched on? 
. A room is illuminated by 7 electric lamps each of 
8 D which consumes à current I. 
The distance of the lead-in 
from the mains cable is l met- 
res, the resistivity of the wires 


Mute 


is p. 
4 r3 Determine the minimum 
t permissible cross section of the 
Fig. 118 wires if the voltage loss in the 
379. T line should not exceed V; volts. 
Branch wo conductors AB and CD are connected to the 
es of an energized circuit (Fig. 418). The position of 
way that no 


t " 
he points A, B, C and D is selected in a such a 
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two 
t the 
Current flows along these conductors. After tha gee 
bridges are connected by a wire EK. — EK, and in! * 
ill current flow in this case in the wire iin potenti?» 
conductors AB and CD? What serm te hea and D : 
the poin > Di is 
A What will be the pow 
the points E and K alvano- 
380. By mistake, a a cu 
meter and a switch bridge as 
into the circuit of a 
Shown in Fig. 119. of the 
How can the balance observ" 
bridge be established by galva- 
ing the readings of r is 
nometer when the sS 
closed and opened? t electric 
381. In the system D jemiciab 
Fig. 119 units derived by Aca f emf: 
H.F.E. Lenz, the ae Lenz's 
which generates a current equal id of 3 
Unit when the resistance of the circuit is equa nre Lenz 
Obi's units (see Problems 360 and 366). Con 
unit for emf. to volts. 


the 
en 
382. The emf. of a Storage battery is 6 V. Wh 


1 ohm it 
/ [) 
battery is connected to an external resistance of 

Produces a current of 3 A. 


é short- 
What will the current be when the battery is 
circuited? cted t0 
383. An electric lamp of 110 V and 60 W Lae Seem of the 
a dry 120-volt Storage battery. The internal resistanc 
battery is 60 ohms. is kínd of 
Will the lamp burn at full intensity with this 
Connection? ttery 
384, ernal resistance of a storage ba the 
if it produces a current of 4 A when the resistance 0 the 
i i current of 0.5 A when 
is 2.5 ohms? ry 
A - In order to determine the e.m.f. of a storage nt 
it was connected in Series with a standard cell to a cor ge 
Circuit and a 0.2-A current I, was obtained. When the stora 


is that emf. 
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battery is connected to the same circuit opposite to the 
Standard cell a 0.08-A current Iz flowing in the external 
circuit from the positive pole of the storage battery was 
obtained. What is the e.m.f. of the storage battery? The 
e.m.f. of the standard cell is 82 = 2 Ve 

386. What should the e.m.f. of the storage battery in 
Problem 385 be to obtain a 0.08-A current flowing in the 


external circuit from the negative to the positive pole of 
the same direction as the 


the storage battery when itis cut in 
Standard cell? 

387. The e.m.f. of a storage battery is 2 V, its internal 
resistance 0.4 ohm and the resistance of the external circuit 


1 ohm. Determine the potential diffe- " 
rence across its terminals. ; d 
388. A standard cell $1, 4 potenti- 
ometer with a resistance R = 10 ohms, 
a storage battery with an unknown 2 
e.m.f. > and a galvanometer G are 
connected as shown in Fig. 
Indicate the position of the slide 4 
ue. me potentiometer at which no cur- & 
nt will pass through the galvano- : 
ees Determine. the em. of the Fig. 120 
storage battery if the current ceases i ; 
to inp ieai t galvanometer when the pend in the 
Section of the potentiometer — 9 ohms. In t uw 
i cell g, produces a potential difference Y= at 
the ends of the potentiometer. ss 
389. In oe irent in the previous problem gu. 120) 
the potentiometer has à scale 90 cm long with em pee 
divisions, the response of the galvanomeler is 1 * per 
division, and the internal resistance of the storage attery 


is r — 0.5 m. 

What should the resistance of the galvanometer be to 

detect the disturbance of equilibrium when the slide is 

oct from the position of equilibrium py one division 0 

the potentiometer scale? z : 
390. With c external circuit cut in, the potential ry 

rence across the poles of a Storage battery is equa} to 

and the current in the circuit 1.5 A. 
What is the internal resistance T of the storage battery 


7 
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bat- 
and the resistance of the circuit R? The e.m.f. of the Í 
tery is 15 V, " so 
391. Two identical storage batteries having Aum as 
1.8 V and the same internal resistances are conne 
Shown in Fig. 121. . . tab- 
Determine the potential difference which will Leges 
lished between points A and B. Pros. 
the resistance of the connecting vanið 
392. A certain circuit with a PEE 
a R is supplied with power simulta 
from N identical storage batteries. he sto- 
At what internal resistance of Lei cir- 
rage batteries will the current in cted in 
lis. ut cuit be the same viu thay are conne 
1g. Series and in parallel? ric 
393. How many 100 V, 50 wW eer ien 
lamps connected in parallel can burn at full intensity (5o V 
Supplied from a storage battery. with an e.m.f. 6 = 
and internal resistance r — 10 ohms? d inter- 
394. How many Storage batteries of e.m.f. 2 V an tain 
nal resistance 0.2 ohm Should be connected in series to 0 oten- 
à current I = 5 A in the external circuit with a P pat- 
tial Qifierenca of V = 140 V across the poles of the 
tery 


fnit d$ 
external circuit 


s > sto- 
difference across the terminals of a the 


n as 
.* + he storage batteries are connecte i 
s in series and the groups are then connec 


What method of connecting the storage batteries in such 
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groups will provide the highest current in the circuit? 


What will this maximum current be? 
a 98. A circuit with an external resistance R is powered by 
"Ps battery consisting © N cells. The e.m.f. of each 
- à £, and the internal resistance is ro. The storage batte- 
y is composed of identical groups connected in series, In 
urn, the groups consist of elements connected in parallel. 
: Fina the number of the groups ? and the number of the 
ells m in each group for which the maximum current will be 
observed in the circuit. 

_ 899. A current of 8 Ais required i 
sistance of 5 ohms. 

What is the minimum number of storage patteries needed 
to provide this current and how should they be connected 
into a compound battery if the e.m.f. of each battery is2V 
and the internal resistance ~~ 

400. A storage battery is co to the mains for 
charging with voltage gt 495 V (Fig. 122). The internal 
resistance of the storage battery is ohm. 


25V 


n a circuit with a re- 


Fig. 128 
e battery if a current 


Fig. 122 


What is the e.m-f. 
of 0.5 A flows throug 
" 401. A storage battery discharge 
or charging to 45-volt mains. 
_ What auxiliary resistance 
circuit so that the charging cur 
The internal resistance of the 8 
. 402. A dynamo with an em. "Mos : 
internal resistance 7 — 0.5 ohm, and a Storage pattery with 
an e.m.f. 62 = 410 V are connected to an externa 


R as shown in Fig- 123. 


of this storag 


i in charging? 
A Mu 12 V is connected 


to the 
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rough 
At what Maximum value of R will no current pass taro the 
the storage battery? How will the battery en] ated value? 
Tesistance R is larger or smaller than the ca eu 90 V before 
- ofa Storage battery is és Vhen charging 
charging and &2 = 100 V after charging. W i 
began the current was 10 A ing if the interna 
is the Current at the end of charging i hole process 
Tesistance of the Storage battery during the wi to 2 ohms 
ot charging may be taken as constant and poen as direct- 
and the voltage supplied by the charging pla 
current Voltage? 


24, Thermal Effect of Current. Power 


jaw, 

Even if the Teader is well versed in the Joule Denr ing 

;, may sometimes fai] to find the proper form le, when 

i when Solving some problems. For PET kettle 
411 on heating water in an ti that the 

heater with two coils, students frequently forge 

Voltage at the ends o i 


" is set- 
the problems in gane 
features of adus the 
Most convenient form for writi 
nz law, Noting 
or 


3 ning 
the difference in the physical mea 
of Writing this law. 

t 


he Work done by 


n ; 
à circuit when a current is en 
by the ratio A — IVt while the amo ation 
rat liberated in this section can be found from the mi dps 
= PR, the sec of the circuit being consi done 
does not Contain any Sources of emf. all the Work ting 
by the electric field forces is wholly expended on libera 
Joule hea and both Tatios produce the same results o 
a source of f. is p esent inside this section oe to 
he work b © electric field orces is expende E 
Overcome lese ele TOmotive forces and the relationship 
mentioned ve iffe: 
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á Since the work done by the current in a section of a cir- 
cuit kevig a source of e.m.f. is not included in the school 
fo riculum the difference in the physical meaning of the 
oe A = IVt and Q = I?Rt usually escapes the atten- 
uon of the student and he encounters serious difficulties 
in solving problems such as 409 and 410. Before solving 
proileyns of this kind refresh your knowledge of the work 
one by electric field forces and the thermal action of 
current, 
a NC of problems in this section (for instance, 406- 
iw 16, 417, etc.) are intended to draw the attention of 
ME to the nature of the dependence of the efficiency 
Em useful power of current sources on the ratio between the 
st istance of an external circuit and the internal resistance 
à source. This dependence is not always clear to some 
pupils who thus fail to give exhaustive answers to questions 
I ina calculation of the most favourable conditions 
Or operation of current sources. 


404. In one of his experiments on the thermal effect of 
current Academician H.F.E. Lenz heated 118 g of the alcohol 
With a current of 15.35 Lenz's units (see Problem 366). 

Determine how long it took to raise the temperature of 
the alcohol by 4° if the resistance of the coil is 35.2 Yako- 


bi's units (see Problem 360). The specific heat of the alcohol 


is 0.58 cal/g-deg. Disregar 
405. Use the data from the pr 
late the time needed to heat the a 
rent of 4 A and with a coil resistan ; 
406. The coil of a heater has a resistance of 5 ohms and 
n supplied from a current source of internal resistance 
ohms. . 
What should be the resistance of the shunt in the heat- 
er to reduce the amount of heat liberated in the heater to 
one ninth of the value without 3 shunt? . i 
407. A storage battery of e.m.f. 12 volts and — 
resistance r — 0.8 ohm supplies in turn external circuits 
rated at 0.4, 0.8 and 2 ohms. 
Calculate for each of these three cases the 
supplied by the battery and its efficiency. 


useful power 
Explain the 
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1 power 
he dependence of the efficiency and useful p l 
on the Tesistance of the external circuit. f Heat in 
the end of his article xs dag | "dun prob- 
Conductors” Academician Lenz offers the fol ip = heat à 
lem: « circuit Consisting of n cells is require of these 
i ite diameter and length Z. How p Ao but 
Cells are Needed to heat a wire of the same dia connecte 
With a length pl?" [n both cases the elements are E 
i i his pro em. , an 
* The voltage m the mains of a up m being 
13 v. e interna] Tesistance of a Storage ba 44 V. 
charged is 0 91m and its residual e.m.f. Pe charging 
at power will be expended by the plant ill go on 
this Storage battery? What part of this power 
eating the Storage battery? j . of 2 ohms 
10. An electric motor has an ohmic resistance motor 15 
and is driven from mains of 110 v. When the 
Tunning the current passing through it is eg ferait 
at power is consumed by this motor? W. ergy? 
of this Power is Converted into mechanical A When. one 
411. An electric kettle heater has two coils. | to boi 
Coil js Switched on, the water in the kettle begins after 
after 15 minutes and when the other is switched on 
0 minutes, 


f il if 
9W soon wil] the water in the kettle begin to Dog 
both coils are connected: (a) in series; (b) in rgh an 
| 412. A current is Passed along an iron wire wit 
Intensity as to heat it Noticeably, ire (with 
Xplain Why the Cooling of one part of the eere more 
» for example) Causes the other part to become The 
intensely h ted th before the first part was coole stant 
Ulerence at the ends of the wire is kept con 
Toughout, 


—4 
13. A fuse mage of a lead wire with a cross sa eque 
0.2 mm2 is incorporated into a circuit of copper wire ba 
a cross Section of 5 mm?, On short-circuiting the curr 
Teaches 30 A. 


d 
lon T the short-circuit occurs will the lea 
fuse begin to melt? 


£ t 
much win the copper wires hea 
up during this time? Neglect the loss of leat du to tharmi 
conductivity, Take the Specific heat of lead as constan 
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and equal to C, = 0.032 cal/g-deg and of copper, C, = 
ee cal/g-deg. The resistivity of lead is p, = 2x 
T 10-5 ohm.cm and of copper p; = 1.7 X 107? ohm-cm. 
he melting point of lead is 7, = 327°C. The temperature 
of the wires before short-circuiting is Tọ = 20°C. The density 


of copper is d, = 8.9 g/cm? and of lead d, = 11.34 g/cm’. 
. In one calorimeter there is a certain amount of 
whose heat 


ely in another the same mass of a liquid T 
B pacity is to be determined. Identical constantan wires 
onnected in series to a current-carrying circuit are 1m- 
Mersed in the calorimeters. 
p What is the specific heat of the liquid if the temperature 
9 the water rises by 2.50°C and that of the liquid by 
-25°C some time after the wires are energized? 
" 415. A steel wire has a resistance twice as great as a 
Opper one. . 
Which wire will liberate more heat: (a) in parallel; (b) in 
Series connection with both wires in a circuit powere by 
à direct-current voltage? 
. A wire with a resistance R = 2 ohms is first con- 
Dected to a storage battery of internal resistance To — 2 ohms 
and then another such wire is connected in parallel. 
f By how much will the quantity of heat liberated in the 
rst wire change after the second is cut in? e add 
^17. A storage battery is shorted by an external circuit 
first with a resistance R, and then with a resistance Fs. 
At what value 7t, of the internal resistance of the storage 
battery will the quantities of heat liberated in the exter- 
nal circuit be the same in both cases? 


25. Permanent Magnets 


418. Two magnetic poles repel each other with a force 
of 8 gf. The dietang between the poles is 10 cm. The mag- 
netic mass of one pole is twice as large as that of the other. 

Determine the magnitude of the magnetic masses of 
these poles. 

419. A bar magnet has a length Z = 10 cm and the ie 
tic masses of its poles are m^ = 10 cgs electromagnetic 
units. 
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Determine the ma 
intensity Vector produ i ^ Bom 
i e magnet's axis at a distance a 
Tom the south pole. 


d 
an 
; -Wo identical magnets with a length 7 "Um was 
Weight p = 50 gf eac made of magnico «^ Lvov are 
obtained by the Soviet Scientists Zaimovsky an a vertical 
arranged freely with their like poles facing in in the at 
glass tube (Fig. 124). The upper magnet hangs S the 
above the ] that the distance a be 

nearest po] 8nets is 3 mm. 


ower one so 
es of the ma 


nn 
| ul 
tle 
Fig. 124 Fig. 125 
mag 
Determine the magnetic masses of the poles of Lea the 
nets. Will remote poles ¢ ange the distance betw' 
magnets. 
21 


n a B 
In order t the needle (Fig. 125) in : end 
zontal Position a load of 0 01 gf is Suspended from its m 
Find the m Enitudes of the horizontal and vertica 
Ponents of i i 


ic fiel?" 
© terrestrial magnetic e 


e 
ota] Intensity of the terrestrial mur the 
he d P angle œ — 70", © magnetic masses 0 its: 
Poles of the needle are = 9.8 cgs electromagnetic ^ de 
Cork i fa magnetic needle jg Secured to a cork an will 
ork is floated 9n water the terrestria] magnetic field tio 
eund e needle to turn an 
eridi 


e 
“et itself along the magn 
> Dut : 
southward the needle wi] 


If ¢ oe y not move nume faf 
s © pole of à ar magnet i laced n e 
TOm the Needle the field of the maghet uil pes the need! 
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in the direction of the lines of force and will cause it to 
move towards the magnet. 

What are the reasons for the different behaviour of the 
needle in the magnetic fields of the earth and the magnet? 

423. One is given two outwardly identical long bars— 
one is made of soft iron and the other is a steel magnet. 
_ By observing the interaction of the bars in various posi- 
tions how can one determine which of them is a magnet. 

424. The length of a thin bar mag- 
net is Z = 10 cm and the magnetic ZZ 
masses of the poles are m = + 50 cgs 
electromagnetic units. 

Determine the force acting on a 
unit north magnetic pole at a point 
A lying on the perpendicular to the 
axis of the magnet in its middle point. 
The point A is at a distance 10 cm 
from the axis. Consider the poles as 
points. 

425. A dip needle with a circular 
scale is secured on a horizontal axis 
(see Fig. n T ~N u 

How can the direction o e mag- ; 
netic meridian be found with the aid EU 320 a 


of this needle? 

426. Several steel needles are freely suspended on hooks 
from a small brass disk as shown in Fig. 126. If the pole 
of a strong magnet is brought up to the needles from below 
the needles will first be drawn apart and then will again 
assume a vertical position when the magat n bronst 
right up to them. As the magnet is pr A pe 
will again be drawn apart Tonine eae haped Dunon. 

Explain the causes of this behaviour. 

427. Two long equally magnetized mue ee th 


suspended by their like poles from a Y 
Fig. 127. The length of each needle is 20 cm and the weight 


10 gf. In equilibrium the needles make an angle & = 


with each other. 
Nue the magnetic masses of the poles of the mis. 
The magnetic masses are concentrated at the ends of the 


needles. 
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ith 
428. The following experiment can be carried out Wi 
the aid of 


Strong magnets made of magnico alloy. aight 

_ Identical magnets A and B are placed along one sere 
line with their like poles fitted tightly against each otn 
en magnet B is raised so that it rests on its a arte 
magnet will be held in equilibrum in this tilted P98). 
by the forces of interaction of the poles VN (Fig. 4 


Fig. 128 
P e5 
Determine the force of interaction and the magnetic n 
Of the poles of the magnets when the magnet B of Si a 
l = 10 em and weight P — 100 gf is in equilibrium bé 
tak = 10°. The magnetic masses of the poles © the 
aken as points and as being situated at the ends sition 
magnets. Will the P nagne 
of equilibrium of the ae 
B be stable in this cas me 
429. The magnetic mom, 
P of a magnetic needle i th 
Product of the needle exp f 
and the magnetic mass 
one of the poles: P =m in à 
The needle is placed j in- 
T Pie A uniform magnetic field Angle 
he direction of the needle forms an à 
tho Mon of the lines of force of the Lact 
acting on le Eültuda of the mechanical mo 
ìn this case, Express the mechanz 
of tee fei DAgnetie moment of the needle 
magneti T needle uniform along its length ha 
a weight Q o Bu = 50 cgs electromagnetic units à 


sa 


nd 


int of Support be arranged with uen 
Centre of 8ravity of the needle to i it in a hor 
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zontal position in the terrestrial magnetic field in the 
js Pug end a vertical component of the magne- 
481. A ma n : an electromagnetic units. 
- . gnetic nee le with length 7 and poles of magne- 
2 nz -+-m is attached to a wooden bar of length 
rod m E placed in a uniform magnetic field of 
Sean E “The bar and the needle can revolve around 
Ms e o ai p Ren the mechanical moment that will 
th tion of the ar around point O if the bar makes 

angle « with the direction of the lines of force of the 
magnetic field. 

432. A magnetic needle has a length Z and the magnetic 
masses of its poles are +m. The needle is broken in two. 
What will the magnetic moments of the 
two halves be? 

433. Draw the lines of force of the 

magnetic field inside a magnetized steel 
tube. 
434. Indicate the positions and the 
nature of equilibrium of a number of 
magnetic needles arranged in a straight 
line at equal distances from one an- 
other. 

435. A strong horseshoe magnet is 
closed by an iron plate A (Fig. 130). 
The weight of the plate corresponds to 
the lifting force of the magnet, and the Fig. 130 
magnet can easily hold the plate. If the : L 
poles of the magnet are now touched on the sides with a 
plate B made of soft iron, the plate A will drop at once. 
If the plate B is removed the magnet will again be capable 
of holding the plate A. Explain this phenomenon. . 

436. A long rod made of soft iron is secured in à vertical 
position. If a strong magnet A is brought to the top of the 
rod as shown in Fig. 131 the rod will be magnetized so 
intensely as to retain at its other end several small pieces 
of iron. If the same magnet A is applied to the side of the 
rod near the bottom end (Fig. 132) the magnetization will 
be weak and the pieces of iron will fall. Explain why the 


magnet A acts differently in these two cases. 
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110 R 


d a chain 
497. A Strong magnet of magnico Bg pom ie 133). 
consisting of severa] Cylinders made of so 


t 
s Phase magne 
at will happen to the cylinders if a similar 

is brought up from belo 


are 
w to this chain? p pe io 
arranged with their like poles facing. What wi 


Fig. 134 


their 

identica] horseshoe magnets are ae has 

es as shown in Fig. 134. One of the m galvano- 
a coil 4 Whose ends are connected to «d. of the 

meter G, If 4 magnets are detached, the PE todd a 

galvan ill be deflected at this instant the pointer 

in angle, If the Magnets are Connected again 
of the pa vanometer wi 


is time 
ll also pe deflected, but this 

in the Opposite direction. 

In icate 


Causes for the 
the Zalvanometey 


. H i the 
* Permalloy can be magnetized appreciably ndn 
terrestria] netic field nd does not possess re etism 
Magnetism, į tis the softest material as far as magn 
is Concerned, 


; of 
deflection of the pointer 
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How will a magnetic needl i $i 

bar made of this alloy bekava af aisée icd: 
ie ihe far is vertical (Fig. 135); 

due ar is horizontally placed along the magnetic 


Fig. 136 


(c) the bar is in a horizontal plane perpendicular to the 


magnetic meridian. 
Will the behaviour of the needle change in these three 


cases when the bar is turned? 
440. A small thin iron nail is suspended from a light 
fire-proof thread. A strong electromagnet is placed near 


the nail (Fig. 136). The flame 
from a powerful gas burner is 
directed precisely between the 
nail and the magnet and licks 
the nail when it is deflected by 
the magnet. If the windings of 
the electromagnet are energized 
the nail will be at once deflected 
into the flame and will then be 

ejected from it to assume its Fig. 137 


original position. After a lapse 
of time the nail will again be drawn to the magnet. 


Explain what causes these periodic oscillations of the 


nail. 
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on for 8 
. n 
44. F.N. Shvedov Suggested the following desig 
motor. Some 20-30 ni 


in an 

ckel rods similar to these im d onto 

umbrella are attached to a small support ES caedem 
à sharp point. Nearby are arranged a strong 


n 
x ; as show 
and a gas burner with a broad and qe dede are 
in Fig. 437. When the windings of the elec 

energized and the b 


cena tD 
ins 
urner is ignited the py vn on 
rotate uniformly in the direction shown by 
the drawing, 


xplain what makes the impeller rotate. 


26. Magnetic Field of a Current 


ro- 
g ith the P 
Most of the problems in this section jeu n curren 
Perties and Peculiarities of the magnetic fie 

Telated to 


his fie 
9 closing of the lines of force ea the 
s are partly based on malonia. as recom" 
Scope of the schoo. curriculum these problem 


ic field of ? 
442. Draw the lines of force of a magnetic 
rectilinear current, 

* ^ current I flo 
linear co 
with an 


cti- 
eld 


re 
wing along a sufficiently iope. fi 
nductor sets UP, as we know, a mag 
intensity 


H=0.21 egs electromagnetic units 
where r is the distance of 
current-carrying conductor 
current in amper 


3 way 
Determine the intensity of the field at point A 5 oe ^el 
from the conductor if the current is 2 A. Draw magne 
intensity Vector. Find the force acting at point A ona 

tic pole of m= cgs electromagnetic units. 
iven: 


: ` ineat 
© intensity of the Magnetic field of a n is 
By pat istance Ro =1 cm from the conduc 
o= 0.27, 


the 
the point in the felg rds the 
as measured in cm an 
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(b) The lines of force of the ma i 
ro d concentric circles. pitis Rold: gE suchi aeur 

c en a unit pole moves along a closed circui 
work done by the magnetic field forces is zero if Ede ers 
is not penetrated by currents. 

Use these data to derive the formula for the dependence 
of the intensity H of the magnetic field of the current on 
the distance R from the conductor. 

445. A magnetic field at a certain point 4 is composed 
of the terrestrial magnetic feld with a horizontal component 
of intensity Hj; = 0.2 cgs electromagnetic units and the 
magnetic field of rectilinear current J = 5 A. 

How should a current-carrying conductor be arranged 
with respect to the point A for the vector of the intensity of 
the resultant field be vertical at this point? 

446. A conductor carrying 4 current is placed as in the 
previous problem. 

At what points in space will the field intensity be equal 
to zero if the vertical component of the terrestrial magnetic 
field is H, = 0.5 cgs electromagnetic units? 

447, A current I flows along an infinite 
rectilinear thin-walled pipe. 

What is the intensity of the magnetic 
field inside the pipe? The current is distribu- 
ted uniformly along the entire section of the 


pipe. 

448. A current I flows upwards along the 
inner conductor of a coaxial cable (Fig. 138) 
and returns down along the external shell Fig. 138 
of the cable. 

What is the in 
inside the cable? 


449. A magnetic pole of 
units is passed aro i 
linear conductor carrying a current of 2 A is laid perpendicu- 
larly to the plane of thi 
Calculate the wo 
field of the current durin 


tic pole. 
450. When a magnetic pole moves along a closed path 


under the same conditions as the previous problem some 


tensity of the magnetic field at points 


8-1325 
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: conduc 

* A circular branching made from a uniform s 

tor is Placed in a d-c circuit (Fig. 139). onain t ? 
at force will the magnetic field of the i its centre 
Tanching exert on the magnetic pole placed a ith a wea 
or cork floats in a broad vessel filled copier an 
Solution of sulphuric acid. Two small plates— 


" 


Fig. 139 Fig. 140 


d 
necte 
zinc—are passed through the cork. The plates are con 
on the top by a Copper wire (Fig. 140). strong bat 
hat will happen to the cork if the end of a 

: Up to it? ircumferonce 
* As we know, a Current 7 flowing along a d of Intensity 
of radius R creates in its centre a magnetic field of i 


He Gast 
laced 
Determine the force acting on a unit magnetic pole p. 
at the centre ofa circular 


s ce, 
cm. Indicate the direction of this for 
assuming the direction of the current to be known. rsity 
Tofessor A. a Eichenwald of the Moscow Un directly 
e Sasic experiments which eae 
Tation of magnetic fields for any Saas 
ectric charges, In his experiment a certain c i 
Was put on a massive disk w ich was then set in won 
Totation, The magnetic field so up by the charge on ed 
etected with the aid of a magnetic needle arrang 
above the instrument (Fig. 141). 
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_, Determine the direction in which the needle is de 
if a negative charge is put on the disk and the disk d 
in the direction shown. 

459. Currents are sometimes measured with the aid of 
the so-called tangent galvanometer (Fig. 142) consisting of 
à small magnetic needle suspended from a light thread and 
placed in the centre of a circular current. The plane of 
the energized -circle is arranged strictly in the plane of 
the magnetic meridian. 


Fig. 142 


Fig. 144 


Determine the angle through which the needle of the 
tangent galvanometer will turn if a current I=1A is 
passed along the circle, if the radius of the circle is R = 
— 40 em and the horizontal component of the terrestrial 
magnetic field is Hp, = 0.2 cgs electromagnetic units. 


Note. See Problem 453. 
456. A current I is passed along the ring of the tangent 
galvanometer in Problem 455 so that it establishes a field 
H. = 0.1 cgs electromagnetic units in the centre of the 
ring. As the current is being passed the circle turns after 
the needle. 

Determine the angle through which the circle should be 
turned so that the needle is in the plane of this circle in 
the case of equilibrium. 

457. The magnetic fie 
proportional to the current 


ld intensity inside a solenoid is 
T and the number of turns per 


ge 
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unit length of the solenoid, i.e., 


H=1.26 Z 


where N is the tota 
is its length. 


id 
PS olenol 
Find the magnetic field intensity maide io. = of the 
made of wire with a diameter 0.5 mm. 


Tt, 
e anothe 
Solenoid is wound So that the turns are close to on 

The current is 2 A. 


id and / 
l number of turns of the solenoid a 


27. Forces Acting in a Magnetic Field 
on Current-Carrying Conductors hand rule 
Even if the student uses correctly the pe ie lines 
when the direction of current is perpendicular bee some 
of force of a magnetic field he usually P Mee ous of the 
difficulties in applying it for finding the er. the lines 
orce acting on a conductor when the current, A each other. 
of torce of a magnetic field form acute angles wit f motion 
It is far more difficult to determine the natures s angles 
of a conductor when the lines of force form fus nba Be 
with the direction of current in various EE the effect 
ductor, It is just as difficult to take account o 
exerted by 


viou! 
the heterogeneity of a field on the behavio" 
of a conductor in the 


in 
Simplest cases. All the problems 
this section d 


: the 
eal precisely with these cases. In cepts pee 
problems, pay careful attention to le when 

ç ~ Quence of applying the left-hand ru 


1 arate 
finding the forces acting on the oR ae 
elements of Conductors in various 
tions. 

458. 


A rectilinear ee Coar 

ductor is arranged above the poles of 3 The 

shoe magnet as shown in Fig. 14 direc- 

conductor can move freely in all di 
tions. 

What will happe 

the field 

indicated 


T 
n to the conductor under the. action 
9f à magnet if the current 


passes in the directio? 
by the arrow? 
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459. A flexible free conductor is placed near a strong 
long bar magnet (Fig. 144). 

How will the conductor arrange itself if current is passed 
through it from the top to the bottom? 

460. Currents are passed through two free rectilinear 
conductors arranged at right angles as shown in Fig. 145. 

How will the interaction of the magnetic fields of the 
currents change the position of the conductors relative 
to each other? 4 

461. A rectilinear current Iz is passed along the axis 
of a circular current J; (Fig. ; . 

With what force are the currents interacting? 

462. A soft spiral spring hangs freely. The lower end of 
the spring is immersed in a cup of mercury. The spring and 
the cup are connected to a d-c source as shown in Fig. 147. 

What will happen to the spring after the circuit is closed 
b wu ly charged particles moves with 

ast ^ 
soa baam oE PONa Tms ne field perpendicularly 


a velocity v into a uniform pend 
to the lines of force of this field (only one particle is shown 


in Fig. 148). Á RA 
Along what path will the particles move in such a magne- 

tic 

MÀ r energized conductor AB has 


464. An infinite rectilinea à 
near it a movable uniform rectilinear conductor CD of finite 
length the whole of which ne 2 side of AB and in 
a plane passing through AB (Fig. =a i j 

What PU tionen A the conductor CD if epus is 
passed through it in the direction indicated by t e arrow 

465. Current is passed along the conductor CD from point 
D to point C (see the previous problem). j , 

How will the conductor CD move in this case? — 

466. Two vertical circular conductors with approxima- 
tely equal diameters are arranged in mutually perpendicu- 
ar pla in Fig. j ; 

ra ak shown In re mie if a current is passed 
through them in the directions indicated by the arrows? 

467. An energized wire ring is freely suspended from 
soft infeed conductors as shown in Fig. 151. A horizontal 
magnet is brought close to the ring. | 

What will happen to the ring in this case? 


Fig. 144 


Fig. 145 


Fig. 147 


Fig. 149 


Fig. 146 


Fig. 148 


Fig. 150 
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468. An energized ring (see the previous problem) is 


arranged in the middle of a magnet. — ^. 
What will happen to the ring if the direction of current 


18 reversed in it? 


Fig. 151 Fig. 152 


4 > d 
469. A copper disk is secured on à horizontal axis an 
placed ien the poles of à strong magnes TN "n 
north pole of the magnet is arranged on the rig : io pa 
The bottom of the disk is immersed in a CUP 0: y. 


Fig. 154 


Fig. 153 


The axis : d the cup are connected to a d-c Source. 
Whe AE disk AX the disk when the circuit is closed? 
appe nded from a thread 


470. A light rectangular frame is Susp% o 
near an infinite rectilinear conductor with current passing 


through it (Fig. 153). 
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h 
How will the frame behave if current is passed throug 
it in the direction indicated by the arrows? TRE 
471. A rectangular frame with current qum axis i8 
is arranged in a uniform magnetic field so that sa fie 
Perpendicular to the lines of force of the ie exerted 
ig. 154). Indicate the direction of the si magni- 
9n the sides of the frame BC and DA. Show how 
tude of these 


s frame 
forces changes as the position of the 
changes during rotation. 


28. Electromagnetic Induction 


472. In his work 
Induced Currents" 
down for the first ti 
Some of his experi 


acion (Of 
"How To Determine the pes ial 
in which Lenz's famous ru vibes 
me, Academician H.F.E. beds an Hn 
ments which he carried out to de 


(= 
A [4 
T B 
i 
Fig. 155 Fig. 156 


of induced curren 
of an induced 


£ metal guideli 
current B, 
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Indicate the direction of currents induced in the con- 
tion coincides with that 


x AC when its direction of mo 

jt e current B. How will the induced current be directed 

RE conductor AC moves in the opposite direction? 

dà 74. Determine the directions of induced currents in 
e following experiment performed by Lenz. 

a permanent magnet is placed along the magnetic meri- 
n. A rectilinear conductor is arranged parallel to the 

Magnet first above it and then under it. The magnet is 


Fig. 158 


Fig. 157 


rapidly turned through 90° first with its north pole to the 
east and then to the west. 

475. A copper disk is placed between the poles of mag- 
nets as shown in Fig. 152. A galvanometer is connected in- 
stead of a storage battery to the electric circuit shown in 
the diagram. 

_In what direction will the induced current flow when the 
disk rotates: (1) clockwise; nter-clockwise? 

476. Two rectilinear pata lel conductors are move 
towards each other. A current I flows throug 

What is the direction of the curren 
S divis sil What is the direction of induced curren 

e cond apart jf i 

477. The Re ER is removed with a certain 
velocity from a metal ring 9$ shown in Fig. 157. — 

, Determine the direction of the induced cu rents in the 
ring. 

478. A small rectangular wire f 
Space between the wide poles of a su 
tromagnet (Fig. 158) 


rame falls freely in the 
fficiently strong elec- 
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Show the direction of the currents induced in the frame 
when the middle of the frame passes through the positions 
» B and C. How will the frame move in these sections? 

479. A small pendulum consisting of a metal thread: 
a ball and a sharp point immersed in a cup of mercury 
Li (Fig. 159) makes part 0 
an electric circuit. The 
pendulum is placed 1? 
the space between the 
broad poles of an elect 
romagnet and swings 1” 
the plane perpendicular 
N to the lines of force 9 
the magnetic field. Du- 
ring the oscillations the 
Sharp point of the pen- 
Fig. 159 dulum remains im- 
E mersed in mercury. 
How will the magnetic field effect the seis ot the 


endulum? What is the directi in the 
circuit of the mee MR of the currents i 
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. 481. An aircraft flies along the meridian. Will the poten- 
tials of the ends of its wings be the same? . ; 

. Will the potential difference change if the aircraft flies 
in any other direction with the same velocity? 

482. A rectangular wire frame ro- 
tates with a constant velocity around 
One of its sides parallel to a current- 
Carrying rectilinear conductor nearby 
(Fig. 461). 

Indicate the positions in which the 
Maximum and the minimum e.m.t.S 
Will be induced in the frame. 

- Two circular conductors are 
perpendicular to each other as shown 
lg. 162. £ Y 
wili a current be induced in the conductor A if the cur 
rent is changed in the circuit B? 
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OPTICS 


29. The Nature of Light 


: require 
This section includes a number of problems bee quan 
the application of the simplest relations of ean should 
tum optics. In Solving these problems, at xerunt (wav? 
also be paid to the change in individual magni ave moving 
length and velocity) characterizing a light o understand 
from one medium to another. It is difficult to and thei 
the ratio c = w if the nature of these wem 
physical meaning are not taken into accoun amended to 
Before solving these problems it is rong text-book: 
refresh your knowledge of the subject from 


light 
484. The velocity of light c and the length of à by 
wave À ar 


E ions V 
e related to the frequency of oscillation 
the ratio 


C = w s during 
Determine the change in the wavelength of red s index 
the passage from vacuum to glass if the pga rays Í 
ot glass is n = 1.5 and the frequency of the re 

v= 4 x 404 g-1 


x " ] to 
485. The refractive index of any substance 1s pe 
the ratio of the velocity of light propagation in edium- 
to the velocity of light propagation in the given we glass 
It was found that the refractive index of one icu 54 for 

is equal to nı = 1.50 for red rays and to n, = 1. 
violet rays, s 

Determine the velocities of propagation of these ray 
in glass, 


en 
ound experimentally that wb 


emit light 
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Nick ps the minimum velocity to which the electron 
Eier be accelerated to produce such an emission when 
e a: a moves in a medium with a refractive index n = 


487. Explain the phenomenon of the coloured bands 


seen on thin films of oil on the surface of water. 

" 488. Ifa thin soap film is arranged vertically the coloured 
orizontal interference bands move downwards and at the 

Same time change their width. After some time a rapidly 

growing dark spot appears at the top of the film which 


bursts shortly afterwards. 
Pere sd what causes the motion of the bands and explain 

e origin of the dark spot. 
s How will the pattern of 
li e space between a lens and a pia 
rica whose refractive index is hig 
ens, but less than that of the glass? 

490. “Antireflection Optics" which was developed by 
Academicians LV. Grebenshebikov, A.A. Lebedev and 
A.N. Terenin is widely employed in present-day optical 
instruments to reduce the loss of light due to reflection 
from the surfaces of lenses. This method is based on the 
following phenomenon: if the surface of glass is coated with 
a thin transparent film whose refractive index is less than 
that of the glass and whose thickness is equal to a quarter 

nt light, the intensity of 


Newton's rings change if 
Jane glass is filled with 
her than that of the 


light will pass thr the plate. 

Consider Phe ae P light beams reflected 

from the upper and lower surface of this film and explain 

why the surface of the glass ceases to reflect the light after 

the film is put on. 

d ae he E of ig he 
e wavelength o incident light! 

Why must the refractive index of the film pe less than 
that of the glass? : 

491. Experiments show that the luminous flux is a flux 
of separate photons or light quanta. Each photon has an 
energy E = hv where h = 6.62 x 10-7" ergs is Planck's 
Constant and w is the frequency of the light wave. 
Determine the energy of the photons emitted by a yellow 


pe equal to a quar- 
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sodium flame if the frequency of the yellow line of sodium 
is v = 5 x 108 gi 


i n 
492. When an electron was transferred in a pue 
atom from one stable level to another a quantum o 


14 g-1 
Was emitted with a frequency v = 4.57 x 10" s7, 
Determine 


the change in the energy of the electron in 
the atom due to this emission. » 
493. The great Russian physicist P.N. Lebedev € 
lished in his experiments that light exerts on bodies o! ly 
absorptivity a pressure numeno sd 
equal to all the energy which the m 
brings in one second divided by the hp 
city of light (all magnitudes are in 
cgs system). 
What force woul 
on the Earth if 
sorbed by the 
mal incidence 
cal to each 
Earth's surfa 
494. Lebe 
measure the 
9n the wings 
in Fig. 


d the sunrays ozer! 
they were entirely a s 
earth surface? In "s 
» the sunrays supply ns 
Square centimetre of t 
ce every minute. to 
dev's device was used 


hat the force 9xerted by the light from a 
un on any body diminishes in Proportion to the square 0 
the distance of this body from the Sun. 


30. Fundamentals of Photometry 

496. A book can easily be read with an illumination of 
50 1x. At what height should a lamp of 50 cd be hanging 
above a table to Provide good 
Which lies direct]. 


ilumination of its surface 
y under the lamp? 
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497. The wid 
T idth of the aperture of a ci j 
Ho. peo He that of the screen is 2.4 2 aad 
: ch stronger will the illumination oí 
um r umination of the 
the ee be than that of the screen? What yen 
sible mna on of the aperture be if the minimum permi 
5 i lumination of the dean 
dod is 4 lx? 
as ES deerat a of height 
3 sta 
(Fig. 164). nds on a table i 
sd teoria the illumination 
b Pda on the table surface 
hor me a = 60 cm from the 
of the eluminous intensity 
P4 lamp is 25 cd. 
slionlid At what distance Fig. 464 
ea M posts for stree 
Ps be installed so that th 
two posts is not less than 


i ; 
Density of the lamps is J = 
ceable 
only by t 


illumination is provided 
he two lamps on either 


side. 
500. During fitting jobs in a 
tric lamp is secured 


subway an elec 
int of the tunnel A 


(Fig. 165). Wh 
ween the illuminations produced 
by the lamp at the lowest point 
B and those at the point C. lying 
Fig. 165 at the level with the horizontal 

cross section of the tunnel? The 


lumi : 
ane intensity of the lamp is the same in all directions. 
- A lamp of 400 cd is installed in a narrow-film cinema 


e 
a aon gn aen can be produced by t 
ted b n 3 m? in area if only 0.3 per cent of th 
ig ue lamp falls on the screen? 
Vertice ree point sources of light are arranged at the 
es of an equilateral triangle. A small plate is placed 


his projector on 
e light emit- 
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; i lane 
in the centre of the triangle perpendicular to its p 
and parallel 


lo one of its sides (Fig. 166). 
Determine th 


i i sity 
e illumination of this plate if the inten d 
of each source of light is J and the leng 
of the side of the triangle is L. t: ile 
3. In constant conditions o hat: 
mination a certain object. is E aiid 
graphed first from a large distanc 
then from a small distance. . f the 
How will the pp pe = dif- 
photographic plates in the came he 
fer in teen two cases? Which, of t 
two requires a longer exposure of 
lamp of 100 cd consumes 0.5 W 
candela. ical 
ciency 1 of this lamp if the ae so 
qeulvalent of light is equal to 0.00161 W/lu. Ca S T 
the quantity of light in ergs emitted by the lamp 
cond, 


, 905. The sunrays Which reach the earth suf E 
ìn every minute an energy approximately equal to dicular 
Per 1 cm? of the terrestrial surface (with perpendi 


l arth to the Sun is R, = 1.5 x 10° T 
the distance to Jupiter R, is 5.20 times larger than to 
arth, the radius of 


à the Earth is 6.3 x 405 km and the 
Tadius of Jupiter is 11.14 times that of the Earth. 


31. The Laws of R 


etilinear Propagation 
and Reflection of Light 
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Construct images. It is equally important to 

methods for determining the rays that actually Ps Me 
«eges, This will considerably facilitate the solution of 
rd problems, for example, as the construction of an 
aoe Positioned at some distance from a flat mirror, or of 

e image of a large object in a small lens or in a lens half 
Covered by an opaque screen, and determining the position 
of an observer's eye for simultaneous viewing several im- 
ages produced by optical systems. 

In Secs 32-34 pay attention to the rules used to find 
graphically the focus of the rays in a beam that has passed 
through an optical system (for example, Problems 555-557). 
In Solving these problems, study the specific uses of the 
equations of spherical mirrors and lenses for calculating 
the position of the images produced by systems with con- 


Verging beams. 

. The problems in the sections that follow should be solved 
In the order in which they are presented because many of 
them are based on the results of previous problems. 


506. How should a point source, 4 flat object and a 
Sag be plaea fae the Tini of the shadow on the screen 
o be similar to that of the object? 

507. An clie bad is placed into a frosted glass 
Sphere of radius 20 cm and is suspended at a keigan Q m 
above the floor. A ball of radius 10 om !5 held under the 
oe a height of 1 m. -— 

etermine the dimensions of the $ 
cast by the ball. ‘At what height should the pall d ug 
dia Mis shadow an the foor o ju pu Y What should 
ie asiong of the half-shadow be in this Lac of its shadow 
iameter of the ball be for the hem from the ball 


dow and half-shadow 


be 
e method can tok tod and 


Uminance, 
9-1325 
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that 

In what directions Should the sources be ee nt 

the half-shadows cast by them are in contact a are shifte 
hat patterns will be i when the sources M 

i irections : 

T 09! jeep: an object is pe M S box 

With a small aperture (Fig. 168), The depth 20 cm an 

EC = 20 cm, the distance to the object CD = 

the diameter of the aperture C is d — 1 mm. 


Fig. 167 


Fig. 168 
istinguished 
Can the parts of an object 2 mm in size be distinguis 
9n the image in these conditions? if the di- 
510. What will the shape of a light spot be i ource 
mensions of the mirror are small and those of the s 
are large? he fol- 
511. In one of his notes M. y. Lomonosov poses t 
lowing question: « 


€nomenon, 


ion 
i expressions of the laws of propagatio 
of light is Fermat's Principle asserting that light pai 
Propagates along the Paths. Consider the aime 
Case: light is emitted from Source A (Fig. 169), t at 
Teflected from a mirror and Teaches a point p. Prove ee 
the path ACB l by the law of reflection is t 
Possible paths of the ray. 
arranged as dian in Fig. 170 are 
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Stuck in front of a mirror. What arrangement of the images 
of these pins will be seen by an observer in different view- 
ing positions? In what position of the eye will the image 
of the pins be superimposed on each other? 
. 914. An object O'O and a mirror AC are placed as shown 
in Fig. 171. Construct the image of this object in the mir- 
Tor. Where should the eye be placed to observe the image of 
the entire object? 

515. A desk-lamp is place 
Will be the change in the dista 
Image if the mirror is drawn 


d in front of a mirror. What 
nce between the lamp and its 
5 cm away from the lamp? 


A B 4 \ 
9 g 
IE 

A | 

S = h 
Fig. 169 Fig. 170 Fig. 171 


516. A man stands in front of a mirror and looks at 
himself with one eye. What place should be covered in the 
mirror so as to keep the image of the other eye out of vision? 
917. A ball is placed on à horizontal table. At what 
angle to the plane of the table should a mirror be picon 
lo have the image of the ball moving, vertically when the 
all is brought towards the mirror! : . 
518. A light ray is incident on a mirror. e Senn. iN 
turned through 1? about the axis lying m the plane of the 
Mirror perpendicular to the ray. 
i Through what angle æ will the reflected ray En tuho 
in this case? What distance z will the light spo los eh 
; Screen set perpendicularly to the reflected ray 
ance 1 = 5 m from the mirror? 
519. A mirror 4 m high hangs on a wall. A. qo ere 
a distance of 2 m away from the mirror. What D inci 
of the portion of the opposite wall in the room tha 


ye 
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: 

seen by the man in the mirror without changing the posi- 

tion of his head? The wall is 4 m from the mirror. hen 
520. Determine graphically the positions of the eye whi 


an observer can simultaneously see in a flat mirror of ee 
A dimensions the image "s Ec 
pe point and a section of a S 2 
/ ight line placed with respi 
8 to the mirror as shown 
V Fig. 172. pi 
Fig. 172 521. When M.V. Lomonos 


was attempting to fnere 
the incendiary power of lenses he designed the dowels 
Shown in Fig. 173, and called it the catoptric-diop tre 
incendiary instrument. In this ca 
Ay, Ao, As, Ag are flat mirrors im 
B,, B», B}, B,, Bgare convergen 
lenses. dj 
Determine the angles at which 
the mirrors should be positione 
and the minimum dimensions tes 
these mirrors that will ensure t $ 
equality of the luminous fluxes 
incident on each lens. The diame- 
ter of the lenses is d and the opti 
cal axes of the lenses By, Bz, Bs 
$ B; form angles of +45° with the 
Fig. 173 direction of the primary beam. 5 
522. A point source of light an 
£es produced b 


E Y two mirrors lie at the vertices 
àn equilatera] triangle, 


its two ima 
of 
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PR at an angle a to each other (Fig. 174) lie on a 
EU Show the position of the centre of this circle. 
onu Two mirrors are situated at an angle of æ to each 
"gui (Fig. 174) and a source of light is placed in front 
ne em. Where should the eye of an observer be placed 
See both images formed by the mirrors simultaneously? 


32. Spherical Mirrors 


die Prove that for spherical mir 
is B id of the object and the image 
w 
lup. equal to the square 0 
; 526. The distance from 4 glowing point to the principal 
e of a concave mirror i p= 49 CR and the distance 
T. the image to the principal focus is 4 = 100 cm. 
eae the principal focal length of the mirror. i 
27. Prove that the ratio of h of the image 


rors the product of the 
to the principal focus 
the principal focal 


f the lengt f 
;ormed by a concave mirror to the length of the object 
istances to the mirror. 


i 
6E to the ratio of their dis 
ca 8. An object is placed at à distance of 1 m from a con- 
Gar ne Tts image is one third th 
Curva Determine the position of the image, s 
P of the mirror and its principal focal length. 
. The image produced by ê 
ba pei the size p the object. If the object is moved b — 
=5 cm closer to the mirror the villi 
opge will only be half the size L am 
ete object. i 
o ind the principal focal length | 
ee mirror. | 
o; "e The principal f | 
dist; concave mirror is f and the 
pri ance from the object to the 
Incipal focus is p- id | 
the eae is the fato of the size of 7 V; A, 
Say age te thè mise of the object? Mee 
NS 3 ao concave mirror L ip g. 
nded from a thread in a mitte ; 
8alvanometer to dern angles of turn (Fig. 175). A scale 
ae is placed at a distance ^ © 4 m from the mirror and a 
mp S is adjusted underneath the scale. 


ocal length 
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in 
What should the focal length of the mirror be ba e 
n the scale the real image of the aperture. in ct scale 
To what distance d will the image be shifted on > 
if the mirror is turned through a small angle lá point 
532. A concave mirror forms the real Iu 50 cm from 
Source lying on the optical axis at a distance o 25 cm. The 
the mirror. The focal length of the mirror is distance 
mirror is cut in two and its halves are drawn a 


: tica 
of 1 cm apart in a direction perpendicular to the op 
axis (Fig. 176). 


Fig. 176 


Fig. 177 


irror 
How will the images formed by the halves of the mir 
be arranged? ex 

533. A thin flat glass plate is placed in front of a conv 
mirror, At what dist. 


direct observation? hly 

534. The focal length of a concave mirror can ZONE To 
be determined by the following method: place a nee t 
Ata distance d from the mirror (Fig. 178), then place a flat 
mirror P at a distance a from the concave mirror and a sec 
ond needle B at a distance b from the flat mirror. d 
Ove the mirror p to match the virtual images A an 

B of both needles formed by the Concave and flat mirrors. 
Dowing values of a, b an Corresponding to the coinci- 
dence of the images, determine the focal length of the 
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mirror. Can these images be observed by the eye at the 
Same time? 

535. A screen S is placed a distance b = 5 cm from 
a circular convex mirror as shown in Fig. 179. An object 
KP of height k = 3 cm is arranged a distance a = 5 cm 
Tom the screen. 


ition himself to see the image 


9f the entire object? What are the maximum dimensions of 
the object (with d. given arrangement of the object, the 
mirror and the screen) for the mirror to reproduce an image 
of the entire object? The diameter of the mirror » d — 10 cm. 

536. At what distance from one's face should a pocket 
Convex mirror 5 cm in cross section be held to see all of 
the face if the focal length of the mirror 19 7.5 cm and the 


length of th ; cm? 
587. The ineo ol 20 om? of the walls of a sphere is 
Specular. The radius of the sphere is R = 36 om. A point 
Source § is placed a distance R/2 from the centre of the 
Sphere and sends light to the remote part of the phere. 
, Where will the image of the source pe after a M = 
tions—from the remote and the nearest walls of the sp iere? 
bird the position of the image change if the source 8 
to the nearest wall? " 
538. A point source of light S is placed on the major 
Optical axis of a concave mirror at a distance 
oi what distance from the concave mirror $ 
irror be placed for the rays to converge i 
Tont S having been reflected from the concave minor roro 
€n from the flat one? Will the position of the pon 


Where must an observer pos 
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the ra 


the 
rom 

ys meet change if they are first reflected f 

fl 


: is 80 cm. 
at mirror? The radius of the concave v esse radii of 
539. Convex and concave mirrors have roma i = 
curvature R. The distance between the m of the mirror 

At what point on the common optical = for the rays S 
should a point source of light A be place ted first on t 
converge at the point A after being re $ Where will the 
Convex and then on the concave miner concave mirror 
Tays meet if they are first reflected from the 


33. Refraction of Light at a Plane Boundary 


fractive 
540. A ray of light falls on a glass plate of re 
index n = 4.5 


What is the an 


‘ angle 
gle of incidence of the ray ES the 
between the reflected and refracted rays is tom of a lake 

541. A pile 4 m high driven into the botto 
protrudes by 4 m above the water. he vile oF the 
Determine the length of the shadow of t Me AD^ with 
bottom of the lake if the sunrays make an reb is 48. 
9 water surface. The refractive index of w ater a lumi- 

+ A swimmer observes from under the w 


he 
; above t 
nous object above his head ata distance of 75 cm 

water surface, 


the 
; ove 
What is the visible distance of the object in . 
Water surface? The refractive index of water n 

* A point 


ighí F 

Source of light is arranged at a br this 
above the surface of water. Where will the asl Be if the 
at mirror-like bottom Y ^ vesse ; 
Vessel full of water is d? ce 0 
hat is the apparent distance from the surface C, 


scent i 
Water to the image formed in Problem 543 by a mirror . 
the observer is s 


z rti- 
tanding in air and views the image ve 

cally downwards? : le of 30° 
_ 945. One face of a prism with a refractive angle at an 

1$ coated with silver, A Tay incident on another face ate 
angle of 45° js refracted and Teflected from the silver-co 
ace and Tetraces its path. 
hat is the refractive index of the prism? 

Coin lies on th 


ith 
bottom of a vessel filled wi 
Water to a depth of 40 cm 


cape V. OPTIO Hm 
small electric lamp be placed 


At what height should a l 
above the water surface so that its image produced by the 
urface coincides with the 


rays reflected from the water $ 


image of the coin formed by the refracted rays? 
e images of the lamp and 


How can the coincidence of th 
the coin be em by direct observation? The obser- 
vation is made along a vertical line. : . 

547. The basic section of a prism is an equilateral tri- 
angle. A ray is incident on the prism perpendicular to one 


of its faces. . 
i What will the path of this ray be for vario 
ndices of the prism? 

948. When right sources of light arè photographed, 
thick photographic plates exhibit around the DUE La 
me Sources haloes whose internal boundary is sharp an 
Whose external one is diffused. y 

Explain the origin and nature of the haloes, ee is 
the refractive index of the glass plate if its : s A. 
d = 3.74 mm and the radius of the sharp boune E s = 
halo around the image of a point source is a € p 

549. The perpendicular faces of a right iso p 
are coated with silver. : 

Prove th sy he dest incident at an arbitrary E m 
this hypotenuse face will emerge from the prism P 

e initial direction. th 

550. In his notes on physics MV. omonosoy oTe ore 
dllowing observation for explana pla ser phenomena. 
Tansparent than crushed glass.” Explain 


us refractive 


34. Lenses and Composite Optical Systems 


the Earth the angular diameter 


a When observed from 
e solar disk is 9 = 9" "in i the S 
b Determine the diameter of the Ee es 1 
Y a convergent lens with @ foca 1 d for 8 thin lens 
QM, Where should an object Peze aid 
prod B t image in fu ó aperture 
, 553. py 3 of light passing er conver- 
in a screen S as shown in Fig- 480 is incid? 
Sent lens. 


un formed 
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; from the 

Construct the Path of the ray after it yen icit, à 

“req be Position of the foci of the eg E 

954. A Converging beam of "teg The apex of the 
aperture in a Screen as shown in Fig. 181. P ae, 

beam 4 is at à distance o! 15 cm from t 


How 
Screen ch 
ture with a focal 


h 
lens. Having passed oh 
the lens the rays inte the 
at a point 15 cm „irom ove 
lens. If the lens is bs tee 
the point where the loser 
meet will move 5 cm holds 

to the mounting that 
Fig. 182 the lens, 
focal length of the lens. 
ys 


oint 
of a converging beam meet at a P 


Find the 
* The ra à lane 
: A diverging lens is Placed in their path in the p 
B (Fig. 183). 


fter 

Plot the Position of the Point where the rays qoom 

passing through the lens. The Position of the pri 

foci pp is known. istance 
557. In What position of the eye and for what ee noel 

between a point source and a Convergent lens can an S ond 

ver simultaneously See this Source lying on the ‘op 
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axi — 

focal x the lens and its image produced by the lens? The 
558 copr of the lens is f and its diameter is d. 

the duns e focal length of a convergent lens is 10 cm, 

Has nce of an object from the front focus is 5 cm and 
Deter ar dimension of the object is 2 cm. 
59 pom the size of the image. 

with the a ore of a bright square is obtained on a screen 

Site oul of a convergent lens. The distance between the 

tines T the lens is 30 cm. The area of the image is four 
Deer rs than that of the square. 

the mino the position of the image and the focal length 

5 ; 

N Ree of the ground are taken from an air- 

Gal Yoon at an altitude of 2,000 m by a camera with a fo- 
wi h of 50 cm. 

scale pi will the scale of the photographs be? How will the 

T if the aircraft flies at an altitude of 1,000 m? 

Proble he size of the film in the camera in the previous 

oblem is 48 x 18 cm. What area can be photographed by 


o: 


on a screen an image of 
] size. After the lens 


imi n 
lnished by a factor of two. 
of the lens. 


563. What are the smallest details o: 
aked eye at a distance of 


5 a 
64. A thin convexo-convex lens 1S 
light be arranged so that 


at th m is rea 
"à e source itself? 
with a An optical system consi 
a di a focal length of 30 cm an 
Stance b = 15 cm from the lens. by thi 
syste mine the position of the image formed EIS T 
of om if an object is at a distance di = 45 cm in fron 
pee lens. 
ot the path of the rays in this case- . 
4,66. Plot ne ines dd T object in an optical system 
nsisting of a convergent lens and a flat mirror arrang 


onvergent lens 


t fac 
aie o placed at 


d a flat mirror 
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: ead f the 
in the focal plane of the lens. The object is in mper ð 
ens and between the focus and the double foca 
the lens. 


" É $ [od 
What will the size of the image be if the object is P 
itioned arbitrarily? an 
567. Determine the position of the image producen Py P 
optical system consisting of a concave mirror Ai length of 
length of 40 cm and a convergent lens with a Topan om di 
cm. The distance from the mirror to the lens is 
from the lens to the object 40 cm. Plot the IAE teal 
5 Convergent and a diverging lenses ss at à 
cm, respectively, are arrange 
istance of 20 cm from each other, , tem 
here should a Source of light be placed for this sys 
to emit a beam of parallel rays? of 
569. Plot the image of an object formed by a oen is 
two convergent lenses. The focal length of the first UM 
9 cm and of the second 15 cm. The : lens. 
lens is in the focal plane of the firs from 
The object is at a distance of 36 cm 
the first lens. ; e 
Calculate the distance a, of the imag 
from the second lens. 


A as 
570. A plano-parallel plate is cut 
Shown in F 


obtained are 
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MECHANICS 


1. Rectilinear Uniform Motion 
i 4.5 m. : 
Sos! pitao of 8.5 mi (2) n of (ho sound to tho man in 
Solution. (1) The time of propagation of the setis 
i St is the distance from the 
the opera house is t, = = where S, is 


and v is the velocity of sound. . 
" istener is tz = 
The time of propagation of the radio waves to the listen 


ceiver and c 
Where S, is the distance from the opera house to the re 


I5 the velocit: agation of the — s 
Tadio waves, y of propag 


If the listener and the man at Ed 
the opera hear the sounds at the same 


i S Sa 
time, then ty = tg and Tem OT (5) 
S 


EH 
* 


= v 
= So =, 
c 


(2) S, mS Sav where $5 = 30 Fig. 184 
c 


i i he 
S, is the distance from t 
to the radio receiver. at a distance of 150 km from 
- The cars will meet after 2.5 hours 
M (Fig 184) 
he other 
t Eleven cars (Fig. 185). wan det B one hour after ht line ther 
è st of he motion dt Mis car is depicted the cars coming from A 
The 1; » 


tion © 
9 lines 2, 3, 4, etc., show the be man has se 


m and 
listener 


In 50, 40, 30, etc., minutes before t! 


, tion O ted from B. 
i ] ., show the mot has depar! : 
atter po ines % ee ininptes can due man meets en route will 
1 *, , 29 w 


Obviously, the number of the cars 

be equal to the number of the poin 

line pc. imes greater than 

4. S= 510 m; u= 850 m/s. light is many aual to the time 

that Scu. E te be eed be assumed, a eee of fight of ll 
„of sound in | he sum SEHR 

shelf of {he shell and 1 d from the place 
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bursts to 


d 
ion of soun 
the gun. For this reason the time of propagation 0! © 
will b 


the 
here v 15 
e tz — t, and the shell range S = v (t; — t) MO 
velocity of sound; the velocity of the shell is u = — 


h E 
5. 1—6 s. 
$m 


100 
90 
$0 
70 
60} 
50 
40 
30 
20 
10 


oe 


Fig. 185 


; =y4+% 
Solution. The second train will travel with a speed v train will 
Telative to the passenger, With this motion the oncoming 
travel a distance equal to its length in a time 
i 


t= —__ 
vi vs 


i . arth 

4, Solution. If v is the speed of the electric train relative to the ear, 

ite hang Telative to the train coming i 

Passage of the oncoming train, ie., 

+ 10 x 1.5 + 20 = 200 m. the 
- A factor of 1.07 more time is required on the river than on 


+ 
2x = + where 1 = 16.5 x 10 
7 
lake, : 
Solution, The time of motion on the river upstream is 


U2—v4 
Where S —4 km. 


The time of motion downstream is E - " 
Petry 
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The total time of motion on the river (up and down) is 


2Sve 
Hutte = DE 


28 


The time of motion on the lake (up and down) is t= 7. 


. The ratio of the times of mo- ç 
lion is 


2 

ME NY 
t3 vj—vi 
th Fig. 186 illustrates the plots of 

e motions: /— motion in stag- 
nant water; J[—motion on the ri- 
Ver; ty and ¢ are the respective times 
ol motion for the two cases. 


tmin 
8. S, = 2.4 km. 0 5 0 15 2 
th Solution. Moving downstream : " 
the launch will cover, relative to Fig. 18 


water, a distance 


(see the solution to Problem 7). 


Pstream 
ý S aœ 1.3 km 
S =v A py " 
ive to the water 
wire total distance covered by the launch relative 
e 
gasa Poe 
De dew ases specified in 
th Solution The equations of motion for the three © 
© problem are va) ts 
$= Oe = votes s= (u Tu à» 
f . pits velocity; ve—' 
Where $ is the length of the escalator; "i escalator; 1,—the time 


Velocity of the passenger on the stationery moving escalator; t2— 


oË asc, tanding oD tor; ts 
the time n koh "him 4o up the stationary [n : 
Reeded to arrive at the top when the passeng' 


escalator, 
Solving these equations we get 
iis 45 8 
t= Ft 


10. t = 12 hours. 
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and 
Solution. The equations of motion of the launch from A to B 
from B to A are 


S = (v + v) and S= (v — v) tz 


7 : t, = 6 hours 
where t; = 3 hours is the time of motion Lo age Sieg xm 6 ative 
is the time of motion upstream; v, is the velocity of the i th o distance 
to the water; v, is the velocity of the river current and S is 
between 4 and B. 


je : ff is 
The equation of motion of the launch with its engine cut 0 


= Usa. e 
Solving these equations simultaneously for tj we obtain 
ty 49 hp 
to—ty 


11. t — 6 hr 15 min. 


Note. The time t — PONE (see the solution to Problem 7). 
Ui — v: 
12. In all the three 


: at 
cases the launches will meet the ring-buoy 
the same time. i oth 
Solution. The velocity of the current affects the motion of Bo 
launches and the Ting-buoy similarly and cannot change t " motion 
Positions. This velocit may therefore be disregarded and the sidere 
of the launches and the ring-buoy only con 
= elative to the water. a- 
u, i E: distances traversed by the launches pet 
tive to the water in the time ż before they 
will be Sy = vt and So = vet. ipinal 
Returning to the ring-buoy with the duum y 
velocities v, and vz the launches should o * 35i 
spend the same time to cover the distances ‘they 
$2 to the ring-buoy as was spent when 
seamed away from it. 
3. a = 74°35’, ; $ 
uy Solution. The drop will move relative to bes 
pipe in a vertical direction with a velocity v2 the 
Fig. 187 in a horizontal direction with a velocity v; in the 
Opposite direction to the motion of the cart. tho 
total velocity of the Top v relative to the pipe will be equal to 
geometrical sum of the velocities v, and v; (Fig. 187). ‘nation 
For the drops to move parallel to the walls of the pipe the direc! 
of the velocit 


y vector v should coincide with the axis of the pipe- 
ìs will occur if 


tana = 23, 71995" 

" 

14. B = 4°39", incide with 
Solution. The direction of the weather vane will coincide obs 

the direction of the air motion relative to the ice-boat. Since the ivo 

oat moves with a speed v, the total velocity w of the air relati 


to the ice-boat will be equal to the geometrical sum of the two velo- 
cities v and u (Fig. 188). 


CHAPTER I. MECHANICS 445 


The velocity w will form an angle œ with the line of motion of 


the ice-boat such that 


tana=—=2 
v 


The angle between the plane of the sail and the weather vane will be 


B = a — 45° = 63°30’ — 45° = 18°30" 


15. 1= 200 m; u= 20 m/min; v = 12 
m/min; æ = 36°50’. 

Solution. In both cases the motion of the 
vont is composed of its motion relative to the 
X ator and its motion together with the water 
elative to the banks. 
there case (Fig. 189). The boat moves along 
the river with a velocity v and covers during 

crossing a distance downstream 0 


Fig. 188 


(4) 


l, = vty 
The boat moves across the river with a velocity 4 and traverses 


a distan 
ce of — (2) 


Fig. 189 Fig. 190 


Second case (Fig. 190). The velocity of the poat along the river 
1S zero, i.e., Ñ 
usin & =} (8) 
The velocity across the river is equal to u COS % and the distance lz 
Overed during the crossing Wi " 
l= u cos at» (4) 
ns (1), (2) (3) and (4) we 


Solving the system of the four equatio 


obtain 
NI 
NECS) ts peer ,  q-arcsin- 
yü-ü' : à 
2 1 


10-1325 
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16.u=8 m/s; B ~ 12°, 
Solution. 


and of the launch should be reso 


(4) 
usin f = vsin a -— 
When the launch moves from A to B its velocity relative to the 


5 


CAN 


will be u cos B+ 


: ined 
v cos æ and the time of motion will be determ 
from the equation 


2) 
S = (u cos B + v cos o) t ^ 
the 
The time of motion from B to A (Fig. 192) can be found from 
equation (3) 
S = (u cos B — v cos a) tz 
From the known conditions, " 
DEM ( 


Solving the system of the four equations we find 


S+ V S2 E vig cos a 
=are cot o 
iE is 


si 

u= ET 8 m/s 
17. u= 40 km/hr form 

Solution. All the po Qv, the wheel rim simultaneously perfo' 
two motions: translational, with the uie. bieyole. and rotational, 

di nd sat 1 3. | total velocity of each point will be € 
Sum of the linear Velocities of the translational and rotational motions. 
b out sliding the linear voae 
the wheel rim will be equal in magnitude 
tion of the bicycle, These velo- 
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Cities aro opposite at the point A (Fig. 193). The total velocity of the 
Tomt A wil therefore be equal to zero. At the point B the velocities 
" the translational and rotational motion will be directed one way, 
2598 on velocity of the point B will be equal to 2v, i.e., to 


dint’: The bobbin will roll in the 8 
irection of motion of the end of the 


thread with a velocity of u= p—> "- 


th Solution. The displacement of the 

read end depends on two things: 

tho movement of the bobbin axis and 

a e change in the length of the thread 

eng winding (or unwinding). It is 1 

th ar that the motions of the end of : 

ic thread due to these causes will Fig. 193 

fo AS be in opposite directions. If, 

Will ample, the bobbin moves, to the righ 
ill cause the thread end to move to the rig! 
e thread winding. : 

in the length of the thread during one 


Since r — R, the change 
full revolution will wayae less than the motion of the bobbin axis 


uring the same time. 
m If one adds these motions, the end of the thread should always be 
ir ing in the same direction as the axis of the bobbin. During one 
ull revolution 7 the axis of the bobbin will be D ere to the right 
Y a distance 2x and the length of the thread will be reduced by 2nr. 


= as the velocity with which the length 


t the motion of its axis 
ht and to the left due to 


It the velocity of the axis is u 


2nR r ; 
of the thread diminishes will be A = F 3 = qp. The velocity 


of motion of the thread end will be equal to the difference between 


t n x r 
hese velocities, i.e, v= v —g 


Hence, 
R 


=- 


u= r 
the end of the thread, 


The axi i ter than 
xis of the bobbin moves [4 f motion of the thread end 


19. The bobbin moves in the direction 0 


with a velocity u = v. 


R+r r 
Note. (Si ibn to the previous problem.) The axis of the 
bobbin Cd Hu aer speed ian the end of the thread. 


. v4, = 1.1 m/s; = 0. S. . : 
Solution. In the first case the velocity of one body relative to the 


Other will be 
uy = v + 2 (4) 


and in the second case 
ug = vi — V2 (2) 


10* 
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Solving the system of equations (1) and (2) we get 


uy ug M mau 
EE CE EX 


2 


‘tions of the 
The values of u, and up can be found from the conditions 
Problem using the ratios 


y= v2 


y=. pa 
RE NE — 


2. Rectilinear Uniformly Variable Motion 


21. an 52751 95 m/s5; vg== 


22. g ~ 973 cm/s?, 
Note. Calculate the value of g for each path. 


„Aim 
23. The distance from the fourth drop to the roof is 16 i 


3rd 
the distance between the 4th and 3rd drops zd = 3 m; between the 


ig A 7m. 
and the 2nd 5H = 5m and from the 2nd to the íst it is 46 


24, S= 27m; v=9 m/s. ; ni- 
25. The motion is uniformly retarded up to the point B and andi 
formly accelerated after the point B. At the moment that Correos city 
to the point B the body stops and then the direction of its ve 
18 reverse " 


2 
The initial velocity v, — 7 m/s and the acceleration a ~ 0.64 m/s* 
e equation of the path is S = t — 0.3212, 
26. h = 14.7 m. 


IM Ham gis 3 ga 


and the Tequiréd time is fusci. Es 
ET sb 2° 
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28. h zz 57 m; tz 3.4 s. 
i Solution. The equations for the lengths of paths AC and AB 
(Fig. 194) traversed by the body from the start of fall will be 

gt? EN ss 
AC—h- and 4B=35 2 


where t is the time of fall from A to C. . 
Solving these equations gives US the required 
Second method. Let us consider the equations 


values of ¢ and h. 
for the paths AB 


and BC. 
The equation for AB is 
hog 
m2 


IA i i lling bod 
from A to p time of motion of the falling y 


For BC 
gts 


h 
zw" 
ty of the body at 


Minim y z + is the veloci! 
Pina 1 is the time of motion va B b G; 
otal time of fall is t= & + 5 m hae ; 
By solving these equations we can obtain the values of h and t 
(Hm 


Fig. 194 


H — 
29. v= E Vek ; loa em 
th Solution. The path traversed py the first body before ! 
€ second is 
P. 
Hey 
and by the second body before it meets the first is 
12 
panda 
After a simultancous solution of these equations 
H+} 4/27 
wg V 
Hence, 
h B T gr»? (max > h) 
max ^ 2g 


When H —h we have: vo” V 2gh; hmax =? 


30, , V 26H — V8" . v= V 28" 
[4 
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" B is 

Solution. The time the body takes in falling from A to nd 

fas or 
inf Z, The time of rise of the body from C to the hig! 


a5 V2H —V 2h _ 
Point is AE: - The required timo t=4—- 2 =——— 
& 


g 
_ V2gH — V2¢h 
Se gh 

E 


delay; 
If H >h, th econd body should be thrown after some hen 
when H = h, the "Bodies shodla be thrown poe ee qp SOMMA 
H < h the second body should be thrown before the first begi 


ime of 
Solution. If t is the time of motion of the first body the tim 
motion of thi 


i ion 0: 
© second will be 7 — + and the equations of motio 
? two bodies will take the form 


2 t—1)2 
Hi Er. and H,==v9 (i— o) — £€—9* 


At the moment the bodies meet, Hy= H, and 


t 2vo- gx 

MGE am 
"i +2 Vile Te; v= V2gHo3- vi " 
Solution, Since the load is initiall 


an 
y at an altitude Ho and Das ia 
initial velocity v, directed upwards, the equation of motion 
load will be 


32. ¿= 


2 
H = Hog — LÈ 
a : ined by 
and the magnitude of velocity at àny moment will be determi 
the equation 
v= vo — gt 


During the descent to the earth, H = 0, Inserting this value ie e 
in the first e uation, we find the time of descent ; and use this 
to find the vel 


ocity when the body reaches the ground from the second 
equation, 
7 H, 
34. t= E73 > hy=> Ho 


Solution. The velocity of the first ball at the moment it strikes 
the plate will be vo = ya o- Si i 
will begi the im 


12 
y= vot — EU 
1=Vo 3 


54 
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. vial 
During this time the second pall will move down from a poin 


a distance 
gi? 
h=- 7 
= H, Hence, 
At the moment the balls meet, hi Th = 


E case. Soci t body at any 
Solusi. pu st case de. velocity of the firs 
Moment relativo to the earth is 
v = Uo — gt z 
i the earth 1$ 
The velocity of the second body relative to 


a r7 


he second body relative to the first will be 


The required velocity of t 
e i e ascent and des- 


ceng Ue velocity v is directed upward 
ent of both bodies. 2d 
tox During the ascent the distance 
ily and during the descent — fm 
increases uniformly. 

6. £= 40 s; 1, = 100 m, 
TG The distance between the 9, 
nic Lor-cyclists uniformly dimi- 
fishes with time according to 
er 200 


l= S — t (v + v) 

(Fig becomes zero after 10 § 
! E luti distance 
olution. If the distal 
ae the point where they meet 
9 the point A is l, and to the 

Point B is ly, then 


100 


ai? 
l,—ut—7« 
and 
s-uütbh 


? Hon vit + vat = t (a + vo). 


os ns a 
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3. Curvilinear Motion 


" ent. 
37. In all three cases the body will have the same time peser 
The motion of the car only o ns pa of ie ond does 
i celeration n x 
components of the velocity and the N^ Pera nature of ifs mo 
tion along the vertical. 
38. v = Vi F 2gh. -— 
Solution. 'The bullet. pes 
part simultaneously in in à 
motions: uniform motion ons 
horizontal direction with a i3 
Stant velocity equal to the fa 
tial velocity v and in e fons 
vertically. These two EE End 
are added to produce t bola. 
Sultant motion in a para int 
i Assume that B is the 7190); 
Fig. 196 Where the bullet lands (Fig. Tet 
C is the vector of the he the 
er; BD is the horizontal component 0. 


velocity as it strikes the wat, 
velocity vector v equal to 


t 
"si and BE is the vertica componen 
equal to vy. - 
Since v. = v, and vy = 2gh the Velocity of the bullet striking 
the water {s 
v= V Fgh 
39. t = 


51 = vt and S = 


Since it is given that the bus 
of flight are the same and equa 


t= = 9a, then hy = h; and 
1 


Sai 


= vet = 15 m. 
. 40. t = 400 s; S = 88.7 km. 
Fig. 197 Solution, 


f 
The components 0. 
a P the i initial 
moment in the horizontal and vertical qui, velocity 3M E 

v, 


ons will þe (Fig. 197): 
x = Vo COS & and Uy = vo sin 
The equation of Motion of the Shell horizontally is S = v,t, and 
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vertically 
2 


gt 
H —vwyt—^7. 


where the shell falls is at the same 


We are given that the point 
i.e., at the point of fall H = 0. 


height as the point of projection, 1 
Inserting the value of H = 0 into the equation of motion in the 
vertical direction we can find the time of flight of the shell from the 


Point of projection to the point of landing: t = 


of the equation t = 0 determines the moment of projection). . 
Inserting the value of ¢ into the first equation we can determine 


the range of flight 


22y (the second root 


2 

s — 22st D sin a cos a= sin 2a 
E 

4l. a = 45°. 

Note. See the solution to Problem 40. 


H 
42. —i- tan? 
* H, tan? a. 
43. a=4 arcsin E, 
a and a; for which 


S les c 
olution. If 1 — Smax, there are two ang x ee iit can be 


the range will be Z for the given initial velocity vo. 
Obtained directly from the equation 
a the range (see the solution to 
t roblem 40) and from the well-known 
Tigonometrical ratio: 


sin 2a = sin (180° — 2a) = 
= sin 2 (90° — @) 
With the given initial velocity vo 


the ran, i hi 
ge Z will be the same for the F 
angles of throw ay = & and @:= Fig. 198 
(Fi There "are always two trajectories for any one range of flight 
ig. 3 
"Phe nding to the angle a is known 


The gently sloping trajectory correspo. ] 
(9 "grazing", at the ted trajectory corresponding to the angle 
30° — æ) is called "curved". 


44. h upsin? a _ 5487 m. 

B ; 
Soluti ini safe altitude is determined by the maxi- 
mum elevation of the shells. The equation of motion of the shell in 


a : * > ri 
Vertical direction is 


max = 


e 
h=vyt— 2 
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ical 

Where v, = vo sina (see the solution to Problem 40). The — 

component of the velocity of the shell at any moment is vy e nb is 
i maximum elevation vy = 0 and therefore the time of as 


EL a2t_ get o sima 60m 
Sg mÀ ae 2g? 2g ^ 2g 

45. a zz 76°. a 

Note. See pr solutions to Problems 40 and 44, 
"TES à _ 2 vB 

46. l= oog Sin a cos 20 => 2 


an 
Solution. The curvilinear motion of the shell in a parabola f P 
be resolved into two rectilinear motions in the horizontal and v 
directions. The motion of the shel 
(seo Fig. 8). 
The initial velocities will be: 
orizontally v, = v, cos B; 
Vertically v, = v, sin p. 


l is considered from the point 


The equations of motion of the shell will be: 
horizontally 4) 
5= Ut = vot cos B ( 
vertically 
2 2 
hv Er =votsinp— £7 @) 


Pe cd (3) 


Solving equations (4 and i ilizing ratio (3) 
we can find Qi rea dist simultaneously and utilizing 


— 20% (sin B cos 9.— cos B sin a) cos B (4) 
g COS? æ 


It is given that p = 2a. Thus transforming the equation (4) we 8° 
1 — 2% sin a cos? a 
E Cos2 q 
Rotational Motion of a Solid Body 
47. v œ 0.8 cm/s; o = 0.00175 s 
48. v 25233 m/s aw 4.7 ena ™ 


49. o=1 s71; “u= VIELE 394 cm/s, 
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Solution. At any moment the linear velocity of the points on the 
Pulley is equal to that of the weight, i.e., 


y= Vas 
After the weight has moved a distance 5, the velocity will be equal 


to 20 cm/s. 
The angular velocity is 


o=p_aist 


The total acceleration of the point A will be composed of the acce- 
leration a and the centripetal acceleration equal to = (Fig. 199): 


—— 


252 
a, -y 2+ ae =z V R2+- 482 
be v ez 7.9 km/s. n ; blem the centripetal 
ote. With the conditions specified in the pro d the Earth should 


acceleration during the motion of the body aroun 
è equal to the acceleration of free fall 


a 4 
Fig. 199 


deo amie centre of rotation is 62.5 cm from the line AB and 12.5 cm 
e li TH 

to diete. When the top of the table is turned pp ha epo A Y 

B to BP ete, The Bic ig m E be the chords of the arcs along 

Which tho point 4 and B move when the top is tarned, The fg of 

Totation will lie at the point of intersection of the perpendic wn 

Tom the middle of these chords. 


5. Dynamics of the Rectilinear Motion of a Point 


E F = 4,250 dynes. 

3. vo = 7.56 m/s. : 

wif elution. If the weight of the stone 1$ 
be P = kP = kmg. 


P = mg, the force of friction 
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i this 
The acceleration acquired by the stone under the action, © fia 
force can be determined from the equation kmg = ma gl 
velocity from the ratio vy = V2aS = V2kgS = 7.56 m/s. 
94. S = 25.6 m. 


Note. See the solution to Problem 53. 
55. F x 43.05 kef. 
56. 1 km/hr. 
Solution. Since the p 


3 ses, 
wer of the engine is the same in both cases 
the following relation S 


ould hold 


(4) 
N = Fu, = Fv, í 
^ ed 0: 
Where F, and v, are the tractive force of the engine and the Ti the 
the tractor on the icy road; F, and vg are the tractive force 
speed over the ledger road. 


" f the 
ance at constant speed the work done by the tractive Jof friction: 
engine is only expended in both cases to overcome the forces 0 


(2) 
Fi = kP and F, = jp 


where P is the weight of the sledge. 
It follows from (4) and (2) that 


kwi=kw, and v, Ae 
2 


3 it is 
An acceleration a — g and therefore im 
acted upon, in addition. to P, by ad g 

f ined downwards. Accordin 
Newton's Second law, 


P 
P+F=—a 
+ g 


and 


P= al pop (2-1) 


E 
Fig. 204 58. F = m (g + a). n the 
Solution. The seis will move 1n 
" same m 
ration a. The 


ites anner as t| ig. 
Weight is acted upon þ t ity m& (Fi 
the maces ‘ppeagtion of the support "P which will be ea y 
fonts Süsond lus Y the weight on the support, According to 


ele- 
he support with an acc! 


Fe mg = ma 
hence 


P= n (g 4) 
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59. a = 4.9 m/s. DAL . 
Solution. The tension in the thread will diminish if the point O 
moves with an acceleration a directed downwards. In this case the 
tension in the thread T can be determined from the equation of motion 
of the ball, mg — T = ma. For T to be equal to E the acceleration 


Should be 


60. = f; Fa 1,900 kgf; Fs = 1,230 kgf. . 
e m Te 0 Keh ations of the lift are determined graphically 


and are: a = — = 1.8 m/s during the first two seconds; a5—0 


1 
between the second and tenth seconds and 


p 2 
az= = —1.8 m/s 


during the last two seconds. 


h The equations of Newton’s law for each of these cases are written 
us 


P 
F— =r a4, 


where P,, Fz, Fs are the tensions in the cable during the respective 
intervals of time. é 

61. Solution. Each weight is acted upon by two fn (ho arce 
of gravity mg and the tension in the spring f Ta )- g 
to Newton’s second law, mg — f = ma OF EI m 
— a). The tension in the springs will be Maece 
Pending on the magnitude and direction of the a 

0; f= mg, 


wag 
Tation a. ru ate? = 
Ma pen vem ring is equal to the weight : 
attached to it. — 0. The 
amize, ho system falls or stretched. alt the weights | Jr T 
are at one level. 
dolum. T yet. parachutist descends with ns Fig. 202 
DE re P L erp Stan is the air resistance. Therefore, 
F = P `= 80 kgf. 

63. F=m (-2.—2) — 8,800 dyn. 

n of Newton's second law for a rising body 


Soluti io à T 
is Mg «ay boi Eos F is the mean value of the air resistance. 


158 ANSWERS AND SOLUTIONS 


TL ANSWERS AND SOLUTIONS — — O o o 


; ded 
It follows from the equation of motion of a uniformly retar 
body with a finite velocity that 


ty 
Hence, " 
F=ma—mg=m (2-e) 


" is pro- 
Note. In actual fact, the air resistance is not constant ed lo ois 
portional at low velocities to the velocity of the body. At Fia velo- 
ties the resistance increases in proportion to higher powers o: 

ity. " at 

i Tek. At the beginning of the squatting motions F < mg and 
thi F 3 Jes 
S DLP S me. the man begins to squat he relaxes the Un a 
in his legs and allows his body to “fall” with a certain pp c» 
fi F directed downwards and t e non 

—L—- Sure on the platform of the ba 


—mà 
i i F becomes such that mg — F s 
or F = mg — ma (i.e, F< man 
[zx] At the end of squatting the 
7 T i 


" 
Increases the tension in the muscle? 
of his legs, thus increasing the ing 
sure on tho platform and aoe ate 
d upwards which is n to compen a 
for the velocity acquired during squatting. In this case the se 
law equation will take the form F 


= E ill 
mg = ma and the pressure Wil 
—QM + ma (ie. F > mg). 
és. p d t 8) 


Solution. The acceleration of the table during speed-up is 


a= T-2 m/s? 
e 
The equation of Newton's second law for the motion of the tabl 
during Speed-up is 


F — fn. = Ma d 
where F is the force Produced by the mechanisms of the machine an 
fr — kMg is the force of friction. 
Hence, 
P= fy + Ma = 34 kgf 
66. a = 200 cm/s*; ¢ = 6 10% : 
2.5 x 405 dyn. A aA 


ton’s second law for each od vemsions, write the equations of New. 


- Both masses move with tbe 
rces F and f (Fig. 20; 
one force f on ms. The seco 


a act on m, and only 
nd law equations for the masses m, and ™ 
will take the form 
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The 1 
solution of these equations gives us the required values 


F 
adicto. 
m+ ma d m+ ma 


a= 


87. fies. p 1 1 
5 fi F; f= Fi fF. 
olution. Fori i i 
accel ion. ce F will cause the entire system to movi i 
will Fraton a. The equations of Newton’s second law for cach block 
fı — fa = Ma, fa — fs = ma, fs = ma 


h F— h = ma, 
w 
ere f, fa, fa aro the tensions in the threads (Fig. 204). 


Fig. 204 


. By solvi -—— Y" 
Sio; ing these equations it is 
pre as the acceleration a ‘with which the system will move. 
the co olution. It is difficult to start & heavy railway train when 
tract ouPlings between the freight-cars are tensioned. 
ction of the locomotive has to impart an acceleration to th 
in is first backed up, the couplings between 
otive can with the same m 
then, 


to the nearest car and 


E , 
"oesseivaly, to all the other cars. 
. Solution. If before the motion begins all the couplings in the 
ak may occur in the couplings of the cars 
The tension in these couplings should be 
acceleration for the greater 


ma If all the couplings between the are first Salone the break 
Sio occur in any part of the train depending on the ratios of the ten- 
70 in the couplings between separate cars. 
ay The dynamometer will : 
Jfa af = 1 kgf; (2) fne 


(3) h= E kgf. 
Soluti r . 
lo, i tution. In all three cases the system will move with some a 
leon a in the direction of the larger force and the pane 
it is duy He bonding force tn acting ene the veights. To find f, 
ary to write the equation of Ne on’s second law si 
for each weight, For the first case (Fig. 205). eparately 


F — fn 7 M% fa —f = ma 
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Hence, 


and 


M 
yh ggg A 
M : 
i ——— c ed that 
Since m «& M and Nim 1 it may be assum 
inet 


The other cases can be considered in a similar manner utilizin 


the equations of Newton's secon” 
pile ce law and the given ratios of masses 
= ki 


! i 


Fig. 205 


Solution. The bodies P and € 

: move with accelerations of ed ind 

magnitude a. The body P is acted upon by the force of gravity | ad 
the tension in the thread f, and the body Q by the tension in the thre 

and the force of friction fy = kQ. ay 
will be equation of Newton's second law for the motion of each bo 


P—f— a, [—kQ— 9. 


ud 
The solution of these equations determines the values of a and f 
P—kQ PQ 
a= » 
PQ & and I=pyo +» 
is EE oh 
72. a= Nin 
2M (M +m) 
TO ED 6 
fe 2Mm 


the syst ; ations 
of emal magnitude a (Fig. 206 ystem move with acceler 
T : 
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of gravity Mg, the pressure of the small weight f and the tension in 
the thread 7. The small weight m is acted upon by the force of gravity 
mg and the pressure f exerted by the 
weight M. 

. For each of the three masses the equa- 
tions of Newton's second law will be 


T — Mg = Ma 
Mg --f — T — Ma 
mg —f = ma 


. The solutions of these equations deter- 
mine the values of a, 7 and f. 
. The pressure on the axis of the pulley 
Will be equal to twice the tension in the Mg 
threads F = 27. 


73. i V E s oss : 
Py f L 
Note. The acceleration of the weights | ^ M 
can be found from the equations of New- Mg 
ton's second law (see the solution to Prob- Fig. 206 


lem 72) and will be a= 27 f and the 


^ Pyt+P2 , : 
time of motion from the kinematic equations of uniformly acce- 


lerated motions from rest will be 


Likes 


74. The centre of gravity moves down with an acceleration 


. (Px—P2)® 
i= P FP" 


weight will be mouet from the 


P1 72 g (see the 


Solution. After a time t each E 
where a = p Ep, 


initial position by a distance S = -77 


Soluti 2). i 

p ida aa of gravity of the system skona we sinc d 

Move down a certain distance L from the initia Pow sof may iby; 

the larger weight (Fig. 207). Upon determining the oe: gravity, 

the distances of the centre of gravity from the weights should be inver- 
es 0 des of these weights, i.e., 


Sely proportional to the magnitu 


S4L 


pale 
=p P3 


[7l 


11-1325 
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or 


12 
Inserting the value s= » We get 


P.—P;. at 
L—REB 


iformly 
with the formula for the path of wito i 
motion and then inserting the values of the acce. of gta 
of the weights we find that the centro ration 
vity should move down with an accele 
,_ Py—P, E (FF) e 
=P FP (PFP: " 
The magnitude of the Scceleration es 
centre of gravity is less than that o 
y. 


Comparing this result 
accelerated 


WEEE, 


weight separate! 

75. In the 

an acceleratio: 

iction betwe 
A 


ith 
first case the system moves w of 
n a= 9 cm/s? and the fore j= 
T en the block and the cart 


: the 
In the second case the acceleration e 
Ga} » block is a, = 7,5 m/s? and that of the oar kgf. 
= —0 — 20.25 m/s*; the force of friction isf = 0; rce 0 

Solution. First case, Tho maximum ÍoP yet 
friction at rest, tyr = kmg = 0.5 kgf, STA For 
lo than the force "7 applied to the block. 


k 
this reason the force P cannot make the blot 


tiction should be deter; 
from the equation 4 
ions for the block 


M e bonding force 
e seco, 
the cart will be T "Bw equat 


F — fj. = ma, = 
hence fr a, fj. = Ma 
P PEE, NNI MF 
Um? cm/s2, fe Ta = 180 gi 


Second case. The maximum force of fricti i than tbe 
force F. For this reason the force F will cause the fna E along 
the cart. The block and the cart wil] have different accelerations 9! 
and az. The force of friction will have its Maximum value fg —kmi-— 
= 0.5 kgf during motion. r 
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The equations of Newton's second law for th 
su V pun r the cart and the block 
F — kmg = qm 


Hence kmg = Maz 
, 
a= E s 7.5 m/s? 
o=" 0.25 m/s? 


the 25, The thread will be perpendicular to the inclined surface 
e whole time the cart is rolling down- . . 
Solution. The cart will roll down with an acceleration a = g SIN o. 
i For the ball to have the same acceleration the resultant of the 
orces of gravity and tension in the thread which are ap- 
plied to the ball (Fig. 208) should be directed parallel to f 
B e inclined surface and equal to F = ma = mg Sin a. 

ut, this is possible only when the thread is perpen- ™ 


icular to the inclined surface. m » [f 
77, p VERE". te LE i 
T. k= pog: m5 T isid 


ithout acceleration and 


Solution. 
ution, The log mecs i 1 to the horizontal Fig. 208 


therefore the force of friction is equa 
omponent of the force F, i.8.; 
ys 


Ífg-—F i 


h 
The normal pressure will be N=P—Fy=P—-F T: 


FYB 
The coefficient of friction katt -—pR—Fh ` 


Changi i application of the force F only changes the 
point anging the poire normal pressure, but does not change its 
magnitude. For this reason the force of friction will have the same 
value as in the first case. 

ds e pressure of the wheelbarrow on the ground (see 
Fig. 209) is V = P — F sin @ in the first case and N=P+Fsina 
in the second (F is the force applied by the man). i — 

Since M — N’ the man has to overcome a greater force o friction 
f = KN’ in the second case. 

79. F = 269 kgf — 

Solution. The acceleration of the ca 


a= 20 and directed up the slope. The cart is also acted upon by the 


tension in the cable F and the force of friction f = kN = kMg cos œ 


rt during braking will be 


lit 
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i sin & 
in the same direction. The component of the force of gravity Mg 
i 


i *g secon 
s directed down the inclined surface. The equation of Newton 
law for the cart is 


F + f — Mg sin a = Ma 
Therefore, 


F — M (a + g sin a) — f ~ 269 kgf 


Fig. 209 


icular 
80. The ball will be deflected forward and assume a perpendic 
Position to the inclined surface, 


cart 
olution. As the cart runs onto the inclined surface Ba The 
acquires an acceleration a in the opposite direction to its motion. 
Point of suspension la S behind the ball 


in its retarded monon. the 
accelerations of the ball and the cart will become the same w 
thread holding the ball is directed 


s- aao 
along a vertical line to the inclin 
surface (see the solution to Problem 76). 


6. Power Impulse, Momentum 


81. —2mv; Fe inv š 


Solution, By Newton's Sei 


e 
n t cond law, the impulse received by th 
ball upon Impact against the wall will be 


Ft = my, — my, 


m 

tor of the momentu: a 

change and, therefore, the vector of the impulse Will be 2mv and direct- 

ed away from the wall. The force exerte by the ball on the wall i 
2mv 


F= — where t is the time of impact. 
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82. —mv. * 
Note. The velocity of the ball after the impact is vz = 0 (see 


Problem 81). Š 
83. 2mv sina. The vector of the momentum change is directed 


away from the wall. 
211) shows the momentum of the 


OB the momentum after impact. 
in the momentum of the ball. If the 
to components perpendicular and 


IN oN 


Fig. 210 Fig. 244 


it wi i lity of the 
parallel to th ll it will obviously follow from the equa 

angles a and the magnitudes of the vectors OA and OB e the change 
in the momentum is caused only by the change in io reote 
component perpendicular to the wall, and is equal to 2mv sin c. 


Mus OE, g-cm 
84. "V (ms)? (mwa)? ~ 1,7007 7577 he vector OC 
" i vector 
The sum of the momenta of the balls is, depicted Bn d OB. 


(Fig. 212) which makes an angle a = 


Ft 
85. m =—— = 98. 
m=, 98.1 kg 
86. F — 102 tons. ` in during time t 
; ; the train during time 
Solution. The momentum imparted ie d and by the force of 


by the tractive force of the locomo 
friction —kPt. By Newton's secon 


wri == v 
Ft— SH 


Hence, 


87. txis " 
ee s the surface is N = 

Solution. The force exerted by the body on 

= P cos a. the force of friction Fs =. kN = kP e a and the resultant 

force of gravity acting along the inclined surface is F = P sina, 


166 ANSWERS AND SOLUTIONS 


According to Newton’s second law, 


-Fim e 


where v is the veloc 


is the 
ity of the body at the end of descent and t is th 
time of descent. Si 


nce the initial velocity is zero, 


2l 
hence =. 


t 
Inserting the calculated value of v in equation (1) we find tha 


key -u—- 
z 8 (sin a—k cosa) 
88. The velocity of the first boat relative to the bank is v, = 1 m/S- 
The velocity relative to the second boat is y = 4.5 m/s. his 
Solution. Each boat receives a momentum Ft = 25 kgf.s. T 


imparts to the first boat a velocity y, = Ft relative to the bank and 
m, 


to the second boat a velocity v, = RE - The velocity of the first boat 
m. 
relative to the other is v= y+ vy. 
Assuming approximately that 8 — 10 m/s? we get 
u — 1 m/s, v2 


= 0.5 m/s and v = 4.5 m/s 


" v 
with a velocity u = —” 


, Since the sum of the moment; 
1s zero before the man begi i je l 
must cause the balloon 4155. P n 


The combined centr efor 
motion will lie on the straight lin 0 (Fig Se got the rue 
t 


QOO (Fig. 213). By definition the 
carts l, and 1, to their centre of d should at ap 
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ee ee el 


moment of time t be inversely proportional to the masses of the 
carts, i.e., 
hm 
The distances covered by the carts during the time ¢ will be 


S, = v and Sz = vot 
io., 


Fig. 213 


iesi i f the compressed 
The velocities imparted to the carts by the action o: 
spring will, by Newton's second law, be equal to 


Fr Fr 
mur and =a 


Therefore, 


$3 w^ m Fm h 


" " its due 
and the distances of the carts from the straight line ge ogg Ae 
same ratio as the distances = the por a avi 2h x 

i ts is always on 1 3 
si This ty et ais be obtained directly from the Jaw of conserva 


tion of momentum which gives in this case 


v _ m 
m4U4 = ThaU2 or *. "i 
mau mao MW: — 12.5 m/s. 
91. v= 


ma 
Solution. The sum of momenta of the fragments from the grenade 


fter the burst 
i the burst and mi". + mws, 8 è 
Sinus the chana nm momenta of the fragments x Dan only by 
the internal Voces it should follow from the law of con: n o 
momentum that mivo 4 mavo = Tui + mavs 
hence 
_myvo-t mavo— MP2 — —12.5 m/s 


y= T 


168 ANSWERS AND SOLUTIONS 
SEWERS AND SOLUTIONS O O — 0 


urst the 
The minus sign in the velocity shows that after the b 


“rial 
i i i the initia. 
smaller fragment begins to move in the opposite direction to 
motion of the grenade, 


92, s= (ir) sin 2200 m. 


i Ub os see the 
Note. The range of the projectile will be S = 20 sin 2a ( 


:ectile is deter- 
i initi ity of the projectile is 
to Problem 40). The initial velocity À 

Eon de the law o) conservation of momentum and is 


m 
UN" de 


7 e pro- 
where m is the mass of the powder gases and M is the mass of the p 
jectile. 


= /s; the cart will roll to the right. to be 
Sane ‘he vectors directed to the right are equae. Oka 
ositive and those directed to the left negative the sum of the and after 
of the ball and the cart before they meet will be mv, — Mv 
they meet, mu + Mu, or 


the 

94. v3 222 m/s; w=; the velocity at the end of 

first second u 2-49 km/hr, section 
Solution. Denoting the Velocity of the rocket by v, after the ejec 

of the first Portion of gas 


s fter 
: OY Uz after the second portion, by vs a 
the third and by vy after the N-th 


0 o 
Portion and utilizing the law 
Conservation of momentum we obtain: 
for the velocity of the To 
f gas 


jon 
cket after the ejection of the first porti 
[7 
mv 
(M —m) %—mv=0 or UM 
after t he Second portion 
(M — m) "1 (M —2m) v, — mv or E 
after the third portion 
3mv 
(M —2m) 72 — (M —3m) U3—mv or y,— M—3m 
The velocity of the Tocket after the N 


-th ejection is 
Nmv 


95. n= z1 m/s, 


—2m 
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Note. See the solution to the previous problem. 


96, vy = POCO 3.5 m/s. 
vi M Í 

Solution. In determining the velocity of recoil, consider only the 
horizontal component of the velocity of the cannon-ball, since the 
recoil caused by the vertical component of this velocity will be damped 
by the reaction forces of the earth. . 

The horizontal component of the velocity of the ball v, = vp cos a. 
According to the law of conservation of momentum, we have: Mv, — 
= mv,, hence 

mUx mvo cosa 


vW——M > M 


97. y P Viage cos. V3gh cos a 2 
P+ 
Note. See the solution to Problem 96. 


7. Work. Energy. Power 


292 
98. F= 27. x i 
ggg ^ 1,250 ket l 
Solution. At the moment of firing the velocity of the barrel u is 
determined from the law of conservation of momentum and will be 
equal to 


mv 
u=- 


M 


where m and M are the masses of the shell and the gun barrel. The 
e barrel at the moment of firing will 


k against the braking force A = FS, 
e true 


: 2 
kinetic energy me imparted to th 


be completely expended on the wor 
ie., the following equality will b 


Mu? 
Z= | 
2 


Hence, 
Mu? __mv? 24950 kgf 
IMS zm, g 


~ 28 


99. P—Y (v2 + 2gh) —1,250 kgf. 


Solution, At the end of fall the kineti 
mass of the body. 


c energy of the body will 


2 
be ET. mgh where m is the 
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z equa- 
The mean resistance of the sand can be doming iom the eq 
tion of the law of conservation of energy FS — E. Hen 
E mo , mgh =1.250 ket 
Pog agg 1250 kg 
The problem ca 


"s second 
n also be solved with the aid of inan e notrates 
law and by calculating the acceleration of the body as it p 
into the sand. 


——T7S2kh. 
P à 4- 2gh- 
The velocity of the body as it hits the earth is peri h 
T so XEM 
The acceleration of the body in the sand is = 3s 
and the sand resistance 
F-ma—X- (và +-2gh) 


; ; ion during 
Since the weight mg is small compared with F, its action 
the motion of the bod 


y in the sand is neglected. 
= gh ( -+) = —kg. 
VERE Us) ee cH 
5 Solution. The sledge at the to 


h 
100. k=, 


i ergy 
p of the hill has a potential or M 
= mgh. During motion this energy is expended on the 


york 42 
to overcome the forces of friction over the path DC and on the wo 
to overcome these forces over the path CB, i.e., 


E = mgh = 44 +A, 
n PF, over the path DC 
l 
YET 
Work will be 
4i = FDC = klmg 


The force of frictio 


F,—kmg 


where 1 is the length of AC. The 


For the path CB the 


is 
force of friction F = kmg and the work 
Ae = F,CB = kmg (S — l) 
Hence, 
mgh = A = 
and gi t+ Az = mgks 
h 
benc. 


The equation of Newton's Second law for the motion of the sledg? 
over the path DC will he 


m s 
Vapa - iom 
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een gh l i l 
and therefore a4 ——RIN (l-5) . Since .€b a47» 0 and 
the sledge will move over the path DC with a uniformly accelera- 


ted motion. 
_ The acceleration over the path CB is a2 = —kg and the sledge move: 
with a uniformly retarded motion. = a 
101. (1) When the coefficient of friction is constant the value 
of S will not change if the hill is more sloping. 
e The sledge will not move. With an angle of inclination tan o. = 
=e k, the force of friction equalizes the component of the force 


of gravity directed along the inclined surface, . " 
of the parallelepiped in various 


102. The potential energy En 


Positions will be: . 
E, — 2mgl when it rests on the small side. 


= 

E, = mgl when it rests on the middle side. 

E; mgl when it rests on the large side. 

The most stable position corresponding to the body's minimum 
potential energy will be in the last of the three cases. 


103. A ~ 375 kgi-m. i y : 
Solution. The work done against the air resistance is equal to the 


loss of the kinetic energy of the bullet: 


ll 


má m _ yg ut) 375 kg 


104. Solution. In the first case the boy throwing the stone does 
an amount of work 
di DR. 


2 
If, in the second case, he throws the stone with the same force, 
he will do the same work but this work is now expended to impart 
kinetic energy to the stone and to the boy- Therefore, 


mg mg , Mul (4) 
3-7 3 * 2 


th which the boy moves. 


where u is the velocity Wi 
of momentum, 


By the law of conservation 
mv, = Mu (2) 


Solving these e uations it is possible to find the velocity di Me 
stone in the second case 
SS 


M 
Ug—U4 Am v «V4 
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and the velocity of the boy after he has thrown the stone 


m2 
7^V mF 


The velocity of the stone relative to the boy is 


v=vn+u=n j > v>y 


za o 

Since the power N = Fv and the stone moves faster pum 

the boy in the Second case han in ttie first (v > v,), the boy 

evelop a greater power in t e second case, . = 
105. v, = 4 m/s; Ay= |^ = A = 37.5 kgf-m; Ni 

= 10 kgf-m/s and N, = 25 -m/s. jon 
Solution. In both’ cases the man imparts the same accelerati 


m; t° the boat A and therefore the velocity of the boat A (» a 

m, 

LI P pe 1 m/s) 
mi 


[ 


st 
will be the same in both cases. In the fir: 
2 + the 
case the work done by the man is A= Ex — 15 kgf-m and in t 
Second case 
2 2 
EP TROU os kgí-m 


E lu 
where y, = —¢ is the veloc 
m» 


third second, The power dev. 
Second in the first Case is 


e 
ity of the second boat by the end of = 
eloped by the man at the end of the thir! 


N: = Fy, = 40 kgí-m/s 
and in the second 


Ne=F (yt v2) = 25 kef-m/s 
if Te" N,. 
6. Solution. The velocity of the bod 
e since the body's potentia] energy at a height h is expended in tb? 
rst case to impart kinetic energy to the bo 
cond case it is used to impart kinetic energy 
at the same time. 


107. tan p= +M 


to the earth by v, and vy and the angle bet. 
of the load and the p. 


tan p= 7 (4) 
x 
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Since the prism i i i irecti 
prism is acted upon in a vertical direction by the i 
of the support in addition to the load, the law of perra 
maaan may be applied only to the horizontal components of the 
elocity of the load and the prism when the behaviour of the “load- 
prism system is considered. The velocities u and vy will obviously 
e linked by the ratio 
Mu =m, (2) 
Let the load be situated at the point A of the prism at a certain 
moment of time (Fig. 215). During the first second aiter this the prism 


Fig. 245 


Fig. 214 
has moved u cm to the left and the load has been displaced v, cm 
horizontally to the right and by vy cm vertically. All these displace- 
ments should be such as to return the load again to the prism at a cer- 
tain point B. Therefore, the velocities u, v, and vy should satisfy 
the laws of conservation of energy and momentum aid also the ratio 


Py (3) 


—— = tana 

u-+Ux 

Tuis ratio expresses the conditio 
ocated on the prism. 

We find from (2) that u = 77 x- 


, Inserting the value of u into equation (3), 
ing simple transformations we get 


n that the moving load is always 


utilizing (1) and perform- 


—— tan a 
x 


As we would expect, tan tana and P>. |. 

The velocity Tf the n A Geen the moving prism is directed at 
a larger angle to the horizontal than during descent from a stationary 
Prism. Using the law of conservation of energy and knowing the height 
of the initial position of the load it is possible to calculate the velocities 


u and v. 2 PS 
108. After the impact the balls will exchange their velocities. 
Solution. If the masses of the balls are denoted by m, and mz 

and the velocities after impact by z and y, we can obtain from the law 

of conservation of momentum 
mv; + mv = mit + may (1) 
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: ing that the 
Applying the law of conservation of energy and assuming t 


impact We 
total kinetic energy of the balls does not change after the imp 
may write 


2 2 may? (2) 
xS eee NES 

ing m 

i i d (2) simultaneously and using 
- oe Eg CE rand po v2, i.e., pectesdiy elastic balls 
equal mass will exchange their velocities a. ter impaot. elocity "i 
If the first ball moves from the left to the right with v 

before impact, it will 


of 


l ity v2 
move in the opposite direction with velocity 
after impact. 
109. M, = 300 kg. 
Solution. 
Momentum 


a l 
before meeting after meeting 
ts 


First boat (M4--m)v 


My 
Second boat — Mv —(M, En) 
: 1 
t i "mentum of the two boats before the load is shifted is equ? 
o thei 


T momentum after the transfer of the load, i.e., 
(My + m) v — Mw = 


Mw — (Mz + m) v; 
Hence, M, = m (ots) =300 kg. 
Zo 


The energy of the boats before they meet is 


By — Mi Ma pm) e 
UEM Em) v 
2 


and after reshifting the load the energy of the boats is 


Ba Math, atm) 

The energy has diminished due t i the energy 
into heat when the velocities of the i a eg es mE 
the same. 


oad and the second boat become 
110. Nae 19 ton erg/s = 


490 kw. 
111. F = 4,896 kgf. 
Solution. The useful power N, = kN, = Fo, Hence, 
Fv 


N;k 
N=- and F = ~ 4,896 kgf 
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412. The power N = 4.2 hp. 
Solution. The force of friction F between the shoes and the shaft 


is determined from the equilibrium condition of the lever in the absorp- 
tion dynamometer: the moment of the force F is equal to the moment 
of the force Q: 

Fr= Ql 


and hence 


n 
The velocity of the points on the surface of the shaft will be 


v = 2nvr 


where v = ~ is the number of shaft revolutions per second 


80 
yo poo 289 =2nQul ww 4.2 hp 


113. N = 11.8 kgf-m/s. 3 

114. The maximum power should be developed by the engine, at 
the end of the take-off run and equal to N = Fv where F is the tractive 
force of the propellers which, as is given in the problem, remains con- 
stant during the entire time of the run. . ? 

The force F is determined from the equation of Newton’s second 


law for the take-off run: 


F—kP= fa 
& 
The acceleration a— 3g and therefore 
pv? 
F=kP +a 


and the power is 
Pv? 
N=kPv+ as 


145. N œ 1 hp. , 
Solution. The force of friction overco 
F, = kF, the velocity of the rim of the ston 
required power 


me during machining is 
e is v= ndn and the 


N= Fw=kF x dn 


146. f ~ 490 kgf; F c 980 kgf. , 

Note. The uibs ‘will rotate under the action of a force equal 
to F — f. The velocity of the pulley rim is v — 2nrn and the power 
N = (Ff) 2arn. Since it is given in the problem that F = 2f, then 


— and F= 
2nrn 


arn 
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8. Dynamics of a Point Moving in a Circle 


117. 40 = NI — 25 em; OB — 75 cm. 


i = oM 
Solution. The centripetal force acting jM RENE ud E 
(Fig. 216). The force acting on — ie conditions Fy mu 
be equal to Po, i.e., 
Mz = wm (l — z) 

or 

ml 
M+m 


ine the 
These expressions also pe eye 
distances from the balls to rs same 

9f gravity of the System. The tensions in the threads are 


S ravity 
when the centre of rotation coincides with the centre of g 
of the system. 


z=AO= 


=P £27. 
118. o— = =7 s, 


ipetal 

Solution. The balls will be in equilibrium when the TIC 
force acting on the ball B is equal to the weight of the ball A, 

when ro? 

unstable, 

119. v, > VZR. 


ag ill be 
m= mg. Hence, o= f. The equilibrium will 


. the 
Solution. The velocity of the washer v, should be such that ; 
parabolic path it takes i 


under the force of 
the hemisphere, only touchi i 


Ing it at the 
upper point 4 (Fig. 217). 

hen the washer moves along a pa- 
Tabola its vertical acceleration at the 
Point A will be g and the centri etal 
acceleration for motion in a circle of 


radius R with a velocity v, will be 2 


2 Fig. 217 
If g <4 the curvature of the pa- ig ; 
rabola will be less than the curvature of the surface of the hene 
sphere and the parabola will be Outside the hemisphere, i.e., the wa 
er will not slide over the h 


emisphere at velocities v; when vo 7 
> Var. pee 
120. a— = — 0.083 m/s? 


(T is the time for one complete revo 
lution of the Earth). 
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V 2gh @?R2 
124. n= TEE 
Ec a A 


Solution. (1) If the particles of water emerge from the pump with 
velocity v they can rise to such a height A at which all their kinetic 
energy will pass into potential energy, i.e., the following will always 


e true: 
v? = 2gh 


Assuming that the velocity of the water particles is equal to the linear 
velocity of the ends of the jos vanes it is possible to determine the 
number of revolutions n of the pump 


ERE 
"= nk mR 


(2) When equilibrium is established and the water rises in the pipe 
to the maximum height, the pressure at the exit of the pump will 
become equal to the weight of the water column of 
height h, i.e., 


Where o = 2zn is the angular velocity of the water 
particles in the pump. X 

Inside the pump, during motion from the axis to 
the ends of the vanes, the pressure will grow in pro- 
portion to the square of the distance to the axis. 

(3) To calculate the centripetal force, let us sepa- 
rate a thin layer of water between the cylinders of : 
radii R and r (Fig. 218). The thickness of the layer Fig. 218 
S — R — r should be small enough for the velocities | f Each 
of all the particles of this layer to be regarded as identical. ps 
element of the water volume su ported on 1 cm? of the surface of the 
internal cylinder r will be acted upon by a force equal to the pressure 
difference 


F=P\—P2=—5——3- —3 
ume is m = d$ x1— R—r 
ter) and assuming (since S is 


2r2 jo 
o? R2 or: W (R?—r?) 


As the mass of the water in this vol 
(where d = 1 is the density of the wa 
small) that R + r = 2n, we get 


2 mo? x mo? 
=F 4r fne g (or s mon 
i.e., the pressures are distribu 


pressure difference acting on each layer is en 
ed centripetal accelerations of the water par 


2 2 
122. py, = EP = 0.08 wf o= F=225- 


ted in a centrifugal pump so that the 
ough to produce the requir- 
ticles present in this layer, 


12-1325 
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5 is only 
Solution. The centripetal acceleration for a moving load is 
provided by the force of friction and in the first case 


_ An?RPn? 
| £ 


" hich 
The load will begin to slide with that angular velocity M eriction 
the centripetal force becomes equal to the maximum force o 
at rest, i.e., when 


F;,—mo?R —4z?Rmn? 


kP —mo?R 
or 


123, Ro hfo p meoo 
fo— mo? fo— mog ọm 
Solution. Assume that the length of the cord has increased by j E 
Then the radius of the circle along which the ball will move 5 pall 
= lo + l, and the tension in the cord is F = fol. When t © cole 
rotates with an angular velocity o it will have a centripetal ac R. 
ration o?R = o? (I, + L) and by Newton's second law F = mo 


jon 
Inserting the values of F and ©R in Newton's second law equatio 
we obtain 


m foli = mo? (lo + 1) 
1, —_morlo 
Hence fcn 


mum 
and : 
2 fol 
F= foly = folo 
fols mest 
124. Fy=P; pQ—p PV. p _ p] Pi? 
1 2=P ER Mert 


Solution. The car is acted upon in the vertical direction by tW? 
forces: the weight p and the reaction of the support F. o 
(1) When the car runs over a horizontal flat bridge there are D 
accelerations in the vertical direction and the sum of the forces acting 


an the car in this direction should by Newton’s second law be equa 
0 zero 


P—F,=0 or Fy = p 
(2) When the car runs over 


h. 2 a convex bridge a centripetal accelera- 
tion will act vertically downwards and (erotics ripe! 
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or 
Pi? 
F:=P— F > Fa<P 


i.e., the pressure exerted by the car on the bridge is less than the 


weight of the car. `: mE 
(3) Similarly, if the car crosses a concave bridge it will have an 
acceleration directed upwards and the pressure can be determined 


Írom the equation 


FP 


er pressure on the bridge is larger than the weigh 
25. F, = 4P; Fo = 6P. ; 
Solution. At the highest point of the loop the weight P and the 
reaction of the support acting on the pi- 
ibus both directed downwards (Fig. 
" The pilot's centripetal acceleration 


vs. 2 
— is also directed downwards. 


t of the car. 


R 
According to Newton's second law, 
mv? 
FEP-T 


or 


2 
Fig P= 807 kgf e 4P 
a= ue and the force Fz 


At the lower point of the loop the acceleration 
n’s second law will have 


are directed upwards. The equation of Newto: 
the form 
mv? 


and the force is 


Pv? 
= fv" =457 kgf = 6P 
FP gR 4 g 


126. F = 3mg = 3P. re T 
Solution. Thé pendulum passes through the equilibrium position 
moving along the arc of a circle of radius 2 with a velocity v. At this 


moment the bob of the pendulum will possess à centripetal accelera- 


12* 
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i: ; ; he 
tion a = Z directed upwards. This acceleration is provided by t 


E ad 
joint action of the force of gravity and the tension in the thre 
(Fig. 220). By Newton’s second law, 


and hence 


The velocity v is determined from the law of conservation of energy 
and is 


v= V 2gl 
and therefore 
mv? 
F=mg+——=3mg=3P 


t 
where P is the weight of the bob. The thread must be able to suppor 
a load equal to three times the weight of the bob. 


*. 
N, Wi 
NL " 
He i P 
T i : 
D ! 
" iudi N. ] 
e ~~} 
mg 
Fig. 220 Fig. 221 
127. œ = 60°, 


" Solution. Ute Newton's second law to find the velocity when tho 
ob passes through the positi ilibri lutio 
pojes 120) g position of equilibrium (see the so. 


v= Eme) y 


m 
From the equation of the law of conservation of energy, mur mgh 
it isi pu to find the height from which the bob dropped: ^^ 
v 
—»«E and 
cosg = + = + 
128. a zz 48°41’, " 
Solution. In any intermediate position th i ted up? 
along the thread by the tension in o ball is acte 


the thre 


of the force of gravity mg cos a (Fig. 221). T! 


ad F and the componen 
he acceleration of the ball 
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2 
T (where v? = 2gl cos c) will be in the same direction. Therefore 
(see the solution to Problem 126), 


2mgl cos œ = 2mg COS & 


F— mg cos a= 


Kuowing that F=2mg, we obtain F 


2 
cosa= amg 3 


129. œ = 5.4 rad/s; S e 4.24 m. 

Solution. The tension in the thread will be greater when the stone 
passes through the bottom point of the circle. The equation of Newton’s 
second law at this moment will be F — mg = mo?l. Hence, the angu- 
lar velocity at which the thread is broken will be 


= F—mg 
o=} ml 


The velocity of the stone at the moment the thread is broken will be 
directed horizontally and equal to 

F—mg 

IL 


v=ol=l i 
" 2(4—l) isthe ti 
The range of the stone is S = vt where t= Y — p is the time 


of free fall from the height (h — 7) 
and therefore 


S=ol y=- 
E 


LHP OD 
- 2(h—1) (F —m&) 


mgl 
130. H -48 " 
rhage oo For the body aes dip Fig. 222 
on the surface of the hemisphere tae sinti TET 
sum of the forces acting on it at any point in the direction of the 


3 +. 0 
radius should be enough to produce the centripetal re we: i 
The veloci dy at any point is determined from the ratio 
v oorr ed at Heal distance of the body from the top 
of the hemisphere. The body is acted upon along the radius of the 
hemisphere by the reaction of the support F and the component of 
the force of gravity mg cos & (Fig. 222). Hence, 

F= my2 2mgh 

mg cosa—" =- =R 
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pe NE A Sr MEE E 


2. " t 
As the body moves, the acceleration = is constantly growing bul 


, : e 
the force F diminishing faster than mg cos a provides the increas 
in the resultant necessary to build up the higher acceleration. coil 

At a certain point the force F will become zero and a further gr 


2 " 
in the acceleration gil no longer be provided by the forces acting 


on the body. It is precisely at this moment that the body will be de- 
tached from the hemisphere. 


Thus, the condition for the body to be detached from the hemi- 
sphere is F = 0 or 


mg cosa, = 2mgh 
R 
Considering that 
cos a= Roh 
R 


we find that the body will be detached at a distance from the top equal 
to 


R 
h=— 
3 
Hence, 
2 
H= ZR 
131. F = 3m, (1 — cos a). 


Note. The problem can be solved similarly to Problems 129 and 130- 
Newton’s second law and the law of re dedii of energy giV? 
us the equations 


2 
F+ mg cosa = DU. 
R 
and 
v = gR (3 — 2 
Hence, ER ( cos a) 


F = mg (3 — 2 cosa — cos a) = 


3mg (1 — cos a) 
132. F = 3mg (1 + cos B). 


7 R. 
Solution. The height at wh 


i le hei ich the ball will be detached from the 
chute is determined in the sa; i o aerae sis 
of Newton’s second law and R 1o in Problem 130 on the be 


5 
Ay= = 
1 7R 


133. Hy=2 R; H, 50 
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The ball will move from the point C (Fig. 223) in a parabola with 


initial velocity 
57 2gR 
w- Vis y E 


directed at an angle œ which can be determined fr 
Va 


om the equation 


At the maximum elevation of 
the parabola the velocity of the 
ball will be equal to the horizon- 
tal component of velocity Vo, i.e., 


Uy = Vo COS Q= 


"iy BE 8gR 
u^ e 27 


It follows from the law of con- 


Fig. 223 


servation of energy that at this mo- " 
ment the ball should be at such a distance ha along the vertical from 
the point A that và = 2ghe. Hence, 


ve 4 
pn^ 
and 
H,—2R—h—5;h 
134, H=. 


Note. Up to the height H= $i (Fig. 224) the ball will move 


over an arc of a circle of radius l After this, the ball will move in 
25 i " ; 
a parabola up to the height Hz =ñ" This problem is solved in 


the same way as Problem 133. 


135. = Sh 
i Jeration of the ball at the upper 
Solution. The centripetal acce pt ee n act Tess than the 
2 


point C (Fig. 225) of a circle of radius hz 
" v fs 
acceleration of the force of gravity, 1-8» R” g. The minimum velo- 


city at the point C should be 
v=V2g (L— 2h2) 
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and therefore 
2 
5h,—2l or h= l 


; jgher 
136. The ball suspended on the rigid thread will have a high! 
velocity. 


iti i is the same 

Solution. Initially the potential energy of both balls is t i 

and equal to mgl. In the case of the rigid thread all this energy os 
expended on imparting kinetic energy to the ball. As the ball p 


T 


Fig. 224 


Fig. 225 


: : in 
through the point of equilibrium its velocity will be determined ho 
we case on the basis of the law of conservation of energy from 

io 


? — 
mgl I » y= Vg 


_ For the ball sus 
tial energy is chan, 


pended on the rubber cord only a part of its pote? 
the potential ene: 


" 4 into 
ged into kinetic energy, the rest being changed 1? 
rgy of deformation of the rubber cord. 


mv 
Therefore, 5 «mgl and v; < v4. 


137. v= V 2gl; v= P s y 39 
5^" 


Solution. In the first caso t ion of enersy 
gives us he law of conservation 


2mv? 
a imd. vf=2gl 


,In the second case the initial store of energy of the mass C will b? 
= and of the mass B 


zi) e 
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After deflection the total store of energy of both masses is equal 
to 2mgl. 


Tt follows from the law of conservation of energy that 
2 2 l 
IA y TI pmgy inel 


and therefore 
12 12 
v5 n=V eu 


138. tena. —-5 and «.— 16942". 
gR 


Solution. The cyclist is acted upon by three forces (Fig. 226): 
his weight mg applied through the centre of pe the normal 
pressure (reaction of support) N — mg directe vertically upwards 
and applied through the point A and the 
force of friction Fy, directed towards the 
centre of the circle along which the cyclist 
rides. The force of friction Fyr takes 8 
value such that, when added to the 


through the centre of gravity, and, when 
added to the force mg, produces the re- 
sultant F = Fy, which is directed ho- 
rizontally and is great enough te provide 


th i jou = na 

nig i t RO the Fig. 226 

cyclist. The resultant F of the forces "E 

mg, N and Fy, may also be expressed by the weight and the angle 

of inclination œ of the cyclist. sis 
According to Newton's second law, F=mg tana=— Rr and there- 


fore PUER, A = 16°42" 
gR 
a = 16°42’. 
Solution. The resultant of all the forces applied to the bicycle is 
equal to ‘the dota of friction Ffr (see the solution to the previous pro- 
em). NM" 
Since the maximum force of friction is Fir 


Y | The maximum angle at which 


radius of curvature will be R= ig 


the bicycle must be inclined can be 
Fg, = mg tana, tanc = k 


139. R — X 034,8 m; tana — k; 


= kmg, the minimum 


determined from the condition 


140. vmax = 31.3 m/s. 2 , ; 
140. Umax y hen the railway carriage Tans Sr horizontal rails along 
a curve the pressure exerted on the outer rail will always be larger 
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Se 


than on the inner one. This difference of pressures will be increased 
as the speed of the carriage increases. When the carriage po o i5 
maximum permissible Speed the entire pressure of the SATTAR o, 
applied to the rail A—the outer rail relative to the centre of curv n 

e rail 4 produces two forces: the normal pressure N = mE ces 
the lateral force P. Together with the force of gravity, these 
provide the necessary accelerations of the carriage. 

Two different cases are possible: 


(a) The carriage runs along the curve with a speed slightly r1 


and the force F are small. The point of 
! application of the resultant of all thes 
l forces lies above the centre of gravi Y ly 
(Fig. 227). The resultant F not r but 
produces the centripetal acceleration ido 
also tends to turn the carriage glockw! it 
around the centre of gravity and pres a 
again to the rail B. The mavan " 
the carriage along the curve wi 
Stable. the 
(b) The speed v is larger than and 
critical speed, the force F is high Snt 
the point of application of the resu sm 
lies below the centre of gravity. The ake 
sultant will turn the carriage anti-clo 
wise around the centre of gravity. i 
Carriage will tend to topple over ible. 
: Stable motion at this speed is imposst he 
Fig. 227 The ae possible speed dously 
carriage along the curve will o t 
cr TeSpond to the case when h i icati resultan 
of all the foro cone with pant of Application of the : 


‘ e 
lo Shen centre of gravity of the carriage: 
ed m? | 
me os: SR UA 


two forces: its weight P an 
g. 228). The resultant of these tw? 


m ES directed horizontally. It 


the tension in the spring F (Fj 
forces produces the centripetal 
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follows from the drawing that 
2 
P=P+( s ) 
Hence, 


y e 5.025 kgf 


DÀ] 
pay +( us 
143. æ c 22°; F ~ 320 kgf. 


Solution. When the aircraft makes a turn in a horizontal plane, 


Fg----4lV 


mg 
Fig. 229 


the horizontal and vertical components of the lift F should be related 


by the following ratios (Fig. 229): 


2 
F,.—Fsina— p> Fy=F cosa. mg 
from which we get 
yt 
tana—-vg 


and 


BEEN 
r-yRYA-y (A) +8" 


144. o æ 8 s s 
Solution. The centripetal acceleration of the 
ion of its weight 


ball is caused by the joint action " 
P and the tension F in the thread (Fig. 230). The drawing shows that 


mo?R = P tana = mg tana 


Fig. 230 


where 
R=r+lsinge 


Vo 
aS cu 


from which we get 
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or 


- gtang — , oy 
az Ea as 


145, T-ny =. 


[4 " pall 

Solution. The centripetal force mw?R required to move m the 

along a circle of radius R = l sina may he expressed in PE 230): 
force of gravity (see the solution to Problems 142-144 an E- 


mg tana = mo?l sin œ 
from which 


=E _ 
l cosa 


jon 

Since o = - where 7 is the time for one complete revolut " 
" M i t 

and Z cosæ = h is the distance from the point of suspension to 


h This 
surface of the circle along which the ball moves, T = 2x z’ 


" formula 
expression corresponds to the ical 
[j describing the period of a theoreti 
pendulum of length h. 


9. Statics 


146. R — 0. 
g — M&T,——— 10 kgf; Fa 


Var 
=-= — 6 ket. 
A 2 'VAm—rz " 


P 

Solution. The weight of the p of 

acting through the centre of gravy a 
the rod may be replaced by two ed 


d. 
Fig. 234 forces -y applied at the ends of the TO 


i 
! 
i 
l 
l 
l 
| 
! 
i 
l 


P 
In the first case (Fig. 231) the force 7 
applied to the rod at the poin 


ts: 
1 e rod | t A should be resolved into two componen 

ido de directa of the extension of Uis fope AC, and b mia 
atong the rod and directed toward: ity of the r 
As the triangle of forces and trado centre of in 


r 
riang the triangle AOC are similar we get 10 
the tension in the Tope 7; and the force F2: 


[ — 


10 kgf 
= 
2 y 2-2 Van—n g 
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B d 
F: 2 an PE RRE og 
V»-= 2V42—L2 
4 


The force F, and the force F; applied at the point B compress the 


rod with a force of 6 kgf. : 
In the second case the tension in the rope will be the same as in 


the first case. The forces F; and F2 will extend the rod AB with a force 
of 6 kgf. à 
149. At a > 120°. 
150. Q = 200 kgf. . . 
Note. The magnitude of the force is determined 
from the similarity of triangles ond and OKM 


(Fig. 232) and is equal to Q = zg: 


151. T= + cosa. When « changes from 0 to 
90° the tension in the rope 7 diminishes from 
7 to zero. 


Note. The magnitude of the force T is determined 
from the condition of equilibrium of the board. 
The sum of the moments of the forces T and P 
with respect to the point A should be equal to 


zero, i.e., TI-P + cos œ where l= AB is the 


length of the board; hence, T= P cosa. 


152. The weight of the beam is Q = 300 kgf. 
Solution. The weight of the overhanging end of the beam equal 


to g acts through the point O (Fig. 233). The equation of the moments 
of the forces with respect to the point C 


3 L willbe 
rr WA 3 3 ul Oo A 
! iC 0 5 OxGl=TPt 4*8 


(where J is the length of the beam) and 


H therefore Q — P. "— 
. Q = VPP: = 3. gf. 
YP ds Let us denote the length of 
the arms of the balance beam by J, and 
i Ip. The equations of the moments are: 
Fig. 233 for the first weighing, Ql, = Pil 
for the second weighing, Poly = Qlz. 


We find from the two equations 


Q2=PyP, or Q— V P:P 
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154. The left-hand pan will move down. Log 
Solution. The moment of the force of gravity is M, = Ps å 


is M2 7 
moment of the force F with which the man pulls the rope is sid 
- cos a; the force of pressure exerted by the man on the P. 


L 
P—F cos a. and the moment of this force M4 = (P — F cos 0) 7 


d ight-hand 
The sum of the moments of the forces acting on the right 


Fl cos % 4 
arm of the beam of the balance is M2+Ms=—Z_ 


e the 
+ (P — Feosa). Obviously, M» Mz + Ms and therefor 


left-hand pan will move down. 


fl 
155. The tensioning force is P, = P cos æ ~ 86.6 kgf. The de 
ing force is Py = P sin a = 50 kgf. 


gf. L . 
156. The length of the overhanging edges of the bricks will be 7 


ect- 


i + counting from the top brick, lica" 
_ Solutions. Since the bricks are homogeneous the point of apr gth. 
tion of the weight of each brick will lie half way along its "Pr 
Consequently, the first top brick will still be in equilibrium (ro 
Tespect to the second when its € the 
of gravity is arranged in ma- 
edges of the second brick, i.e., of th? 
ximum length of the free edge 


3 i: L 

first brick will be PE js prst 

The centre of gravity of thel þe 
and second bricks taken together pe 
ata distance + from the edge of me 
second brick. This is precisely may 
length by which the Beond - ird. 

: A A 

The centre of gravity of the e displaced with respect 


nd i 
ee bricks lies on the line AC & 
position can be determined from 


the equation P (z-:) E 
" " sut; out 
(Fig. 234) from which we get z = T , i.e., the third brick may jut [o 


to the weight of the part cut oft, om 
158. Solution. The magnitude of the force F can be found $ 
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a ————— 


the equation of the moments of the forces relative to the bottom of the 


ladder 
Fl 2Ph sing 
Ph tan a,.——5- cos a, F= na 


. 159. The force required in the second case is half that required 
in the first. 


160. F — 1.4 kgf. " - 
Solution. For the block to be in equilibrium on the inclined surface 


the force of friction fj, — kN shoul be equal to the component of 
the weight directed along the inclined surface (Fig. 235) 


h 
P2=P =f fr 


2 — he š 
The normal pressure N =F+P vi T LM Inserting the values of N, 


P, and fýr into the condition for equilibri- 
um we get 


Ph 
161, p LP ? 
61. F——7- =50 kgf 


Solution. In order to raise the log to the 
height h each rope should be pulled up a dis- Fig. 235 
tance 21. On the basis of the “golden rule 
of mechanics Ph = 2(F x 21), where s 
Ph isthe work done by the force of gravity and F X 2l is the 


work done by the force of tension in one rope. Therefore, F — pu 

The problem can also be solved considering the equilibrium of 
forcen anpheg to the log. 

MA ired to keep the differential winch in equilibri- 


Note. The force requi 
um can be determitaed from the principle of the moments or from the 


“golden rule” of mechanics. 
From the equation of the moments 


P P 
arttian € 


from which 
P (ry— r2) 
RE 
163. h=3.14 m. 


P 
164, F—— 
4 3 


192 ANSWERS AND SOLUTIONS 


” e- 

Note. The force F can be determined by the “golden rule" of ™ 
chanics and from the condition of equilibrium of forces. vity of 

If the end B is attached a distance J from the centre of Eis case 
the log, the end C should be fastened a distance 21 from it. In ks OF in 
the point of application of the resultant of the tensions F an fising 
the ropes will coincide with the centre of gravity and the 
log will be in a horizontal position. 

165. ma = (m, — mz) sina; N = (m, — mz) gcosa. ht Pi = 

Solution. The body of mass m, is acted upon by its welg ion N 
= mg, the tensions in the threads m;g and mag and the reac’ 
of the inclined surface. mi) 

The equations of equilibrium will have the form: (my — 
gcosa =N and (m, — m;)gsino = mag from which 

ma = (m, — mz) sina, N = (m, — mz) g cose 
166. Q = 15 kgf; a ~ 56°. the 
Solution. If the system is in equilibrium, the resultant of 


forces P and M applied at the point A should be equal in magnitude 
to the force Q, i.e., 


Q— V P?— M? ~ 15 kgf 


osas F, a ~ 96? 


The problem can also be solved in a different manner. Considering 
that the sum of the projections of forces in any direction should b 
equal to zero we may write 


Pcosa= M, P sing =Q 


from which Q and « can be deter 
mined. 


167. Q— 7. . If the point 4 ¥ 


shifted, the equilibrium will be dis- 
turbed. The alghe P will go dow? 
and Q will go up. sty be 
Note. This result can easily, of 
obtained from the “golden rule ces 
mechanics or when the sum of for 
acting on the movable pulley is © 
sideren, 
- 68. Q — 3P — 9 kgf. 
Fig. 236 Solution, For the System to be 
inequilibrium the moments of bo " 
forces P and Q should be the same, i.e., M, = PI = M; = Q- 9^ 
therefore Q — 3P. 
If the rod is deflected upwar 
through a small angle « (Fig. 23 


prium 
ds from the position of equilibri™p 
6), the moments of the forces Q and 
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will no longer be the same. After the rod is turned, the moment of the 


force Q will be M; = Q 4 cos a. 


Obviously, Mz < Ms. 

is easy to see that this change in the mom i 

the checa in the direction of the rod. bnt Maji Moe Rely to 
en the rod is turned through the angle a the directio; 

force P will also be changed by an angle Band so the moment ES thio 

orce P after the rod turns will be M; = PI cos (œ + $). 

" The value of Mj is affected by both deflections (of the rod and the 
thread) in a similar way and the reduction in M, with a given deflec- 
tion of the rod will therefore always be larger than the decrease in M». 
The resultant moment M; — M, # 0 will cause a clockwise rotation 
of the rod. The rod will tend to return to the horizontal position cor- 
responding toa stable position of equilibrium. 

By considering the change in the moments M, and Mz when the 
rod is displaced downwards and the change in the direction of the 
force P it can be shown that if the rod is displaced downwards, it will 
tend to return to the position of equilibrium. 

169. The centre of gravity lies in the middle of the bisector of the 
angle on whose vertex is situated the ball of mass 2m. 

170. The centre of gravity will be at a distance 


cae HE 
7—3(m—r) 


from the point O. 

Solution. The weight of the disk before the hole is cut out may be 
represented as the resultant of two forces: the weight of the cut-out 
portion and that of the remaining portion, each of which is applied 
through the centre of gravity of the res- BÜ A 
peotive part. This makes it possible to re- marae 

uce the pnus of finding the centre of 
gravity of the intricate figure left after the 
hole is cut out to resolving parallel forces 
and finding one of the components of the 
forces from the given resultant and the oth- 
er component force. : k 

The weight P of a uniform solid disk is Fig. 237 
proportional to R? and acts through the cen- . VM 
tre of the disk O. The weight P, of the cut-out portion of the disk is 
proportional to r? and acts through the centre of the hole A (Fig. 237). 

The weight of the remaining portion P2 equal to the difference 
P — P, acts through a certain point B at a distance z from O. 
It follows from the rules for summation of parallel forces that 


the distances z and R of the points of application of the forces P, 


and P; from the point O should satisfy the ratio 


£54 
R Ps 
Ed 


13-1325 
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Knowing that 


Pr Py EUN. 
P. PP, Rr 
we obtain 
2x r2 
R Rer 
or 
Rr2 
?= 3 (R2—72) 


10. Universal Gravitational Forces 


m4 
171.  — 6.86 x 10-10 1 
kgf-s4 equa: 
172. The difference in the lengths of the threads should be ed à 
to Lz23 m. i me! 
Solution. 1f the difference in the lengths of the Hui is arostrial 
to be equal to Z and one of two identical loads is right on t he forces of 
surface, the following expressions can be obtained for the 
attraction acting on the hads by the Earth: 


Mm Mm 
ums x T rs 


where M — s PRS is the mass of 


Earth; p is the densit: 
The difference P, 


: he 
the Earth, R is the radius of t 


d. 
Y of the Earth and m is the mass of the loa 


= ; n 
1 will be equal to the weighing error 8 
will be p,— p, = 3- YomRe 2Rl--12 


ET rs 
; REDE be 

Since 1 < R, the term 22 which E Ell compared to 2RI ge R 
neglected in the numerator of the formula obtained and R + ! ^ 
may be assumed in the de i 5 
et 


and therefore 3 


1=2P1— P) 


8nypm 
173. F œ 44 x 4020 kgf. 
Solution. Since it i 


a=? 4mm 
-RRE 
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By Newton’s second law, 
A4n2MR 
Ti 


F=Ma= 


where M=4arip is the mass of the Earth. 


Inserting the value of M we shall obtain the following expression 
for the force of attraction of the Sun: 


4673, r3Rp 
Rey Spa 


174. c z 1.3 X 107? s7. 
Solution. The weight of the bodies on the surface of the Earth 


will become zero at that angular velocity of Earth's rotation œ for 
which the centripetal acceleration w*r corresponding to this angular 
velocity is equal to the acceleration of free fall of the bodies g, i.e., 
when o?r — g, where r is the radius of the Earth. 

Hence, 


o= E 43x1031- 
F s 


ular velocity can also be obtained 


The value of the required an 
o al gravitation and Newton's second 


directly from the law of universa 
aw. : 
The gravitational force exerted on a body by the Earth is F = 


= prm where p is the density of the Earth and m is the mass 


of the body. 
When the weight of a body on the surface of the Earth becomes zero 
the equation of Newton's second law for a body rotating with the Earth 


with an angular velocity © will have the form 


aa yprm — mor 


and therefore 


athe 4 
n = 
oca Fw ~ 13x10 E 


If i ular velocity smaller than the cal- 
(If the Earth rotates with an ang ar Vel numerically equal to m 


culated value, the reaction of the s n t 
weight of the body should also be introduced into the left-hand side 
of the equation of Newton’s second law in addition to the universal 
gravitational forces.) 

175. M. — 92 x 2 x 10” tons where o is the angular velocity 


of the Earth in'its orbit; R is the distance from the Earth to the Sun 


and y is th itational constant. : 
^ e grave ite the equation of Newton's second 


Note. To solve the problem write 
law for the motion of The Earth around the Sun. 


38 
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AU canum ' Ee 


176. g, — g; == yph zz 7 cm/s? where p is the density of the 


Earth and y is the gravitational constant. 


Note. The method of solution and the simplifications used are 
similar to these in Problem 172. 


n 
177. Larger in winter and smaller in summer (for the norther! 


hemisphere). 


" h 
_ Solution. When it is winter in the northern hemisphere the e 
in its motion around the Sun passes through the points in its 


B 


Fig. 238 


Fig. 239 


lying near the perihelion. In summer the Earth passes through te 
sections of the orbit located in the aphelion. Since, by Kepler's lawe 
the radius-vector connecting the Sun with the Earth should descri 
equal areas in equal intervals of time, the Earth should move V: 
a higher linear velocity in winter 85 a 
traverses the section AB of the orbit tha 
ìn summer when it traverses the section 
(Fig. 238). 
178. P = - ypmr. 


Solution. When the body is at a E 
stance r from the centre of the Far d 
which is smaller than the terrestrial radiu 
R, the gravitational force exerted on "i 
body by the Earth may be taken as tho sum 
of two forces: the gravitational force pre 
duced by the sphere of radius r and the force 
created by the spherical layer enclosed be 
Ween the spheres of radius R and 7 (Fig 


orces of att; i ced by t 
small elements S, and S» cut out fr Taction produ ; 
cones with the vertex at the point 


CHAPTER I. MECHANICS 197 
Pe eS ree eL 


the thickness of the layer is assumed to be everywhere the same, the 
volumes and, therefore, the masses of these elements will be propor- 
tional to the squares of their distances from the point A, i.e., 


m, 0 
m, b2 
The force of attraction created by the element S; is 
mm4 
A=?’ 


where m is the mass of the body. The force produced by the element S2 


is 
mma 
fa" p2 


2 , 
Since "1... 2^ the ratio of these forces will be 
ma b2 
h mb a 
f. ma 


c di lements of 
Reasoning similarly for any other two corresponding eleme: 

the a pharical layer d see that all of them compensate, in aiia ir 

each other. Thus, the resultant gravitational force pro ro y E 

Spherical layer as a whole ahont yo egal equal to ze 

any point ing inside a sphere of radius r. Mon 
Theatr, Eus Force of attraction acting on the body vp ees insido 

the Earth will be equal to the force of attraction created hy a n "3 

of radius equal to the distance of the body from the centre o ded m. 

The magnitude of this force can be determined in the samo way a 

the magnitude of the force acting on bodies on the terrestrial su ae 

If the density of the Earth is denoted by P and the mass 0 

by m, then the force 


i insi from the surface to the 
i.e., when the body inside the Earth moves. he surface h 
cenire it is ae SOR by a force of attraction which diminishes in 


proportion to its distance from the centre of the Earth. 


11. Oscillations 
179. At = 2.7 s. f an accurate clock should make N = 


Solution. The pendulum o ^ . 
= 24 x 60 x 60, swings in twenty-four hours (T, is the period 
T4 


of the pendulum). 
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A m be- 
If after the clock has been moved the period of the pendulu: 
comes equal to 7; the clock will lose 


At = N (T; — 7T) 
in twenty-f h 3 ed is 
T The period of the pendulum before the clock has been mov 


D 
T,—2x ] / CH 
where g, 


ELS ement. 
is the acceleration of the force of gravity in the bas 
The period of the pendulum after it is moved is 


1 Lo % 
—2x a 
Ts £2 
Where g, is the ac 


—-— upper 
celeration of the force of gravity in the UP 
Storey of the University. 
The ratio of the periods will be 


Ti 7 gu 

TV cw jj 
It follows from the law of universal gravitation that = (TFE, 
where R is the radius of the Earth and h is the height of the 
versity building. 


ence, 

nor EE 

R 
and 
TT i Ti 
The clock wil] lose 

At M. T, 

in twenty-four hours. 


180. 11 Ni 


l MTF 
the pendula). 
181. The pendulum will not swing. 
182. T= =o __ 


stations of 
(N1 and N, are the numbers of oscillations 


d 
(Fig. 241) acting along the incline 
surface (3 Me 
With the conditions Specified in the problem this componen 
the fo: 


i ith 
rce of gravity cannot change the Position of the pendulum wit 
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respect to the cart (see Problem 181) and cannot therefore affect the 
change in the period of the pendulum. The oscillations of the pendulum 
with respect to the cart will be 
brought about by the action 
of the component of the weight 
mg cosa perpendicular to the 
inclined surface, i.e., the pen- 
dulum will oscillate as if it 
were acted upon by the force 
of gravity mg cos a and not mg. 
The acceleration of free fall 
that would correspond to this 
value of the force of gravity 
must be g’ = g cos a. 
Correspondingly, the period A h 
of the pendulum on a cart moving with an acceleration should be 


= —— 
i ho. 
T= / loas V gcosa cosa 


where T, is the period of the pendulum on a stationary cart. 
d Thus, the period of the pendulum increases when the cart rolls 
own the inclined surface. 

183. Solution. When an oscillating body (eg. à pendulum, 
a weight on a spring, a sand grain on an oscillating membrane) paes 
through the position corresponding to its maximum deflection rom. 
the position of equilibrium, it has the maximum acceleration at tha 
moment. When the body approaches the position of equilibrium tl i 
acceleration gradually decreases and becomes Zero as it passes t ous! 
the position of equilibrium since the forces returning the body to the 
position of equilibrium also become zero at this moment. — f 

Since the time needed for the body to pass from the position, ef 
equilibrium to the position of maximum deflection for the given perio! 
IU 


oscillati jos riable at all amplitudes and the ve ocity 
cillation remains invariab ch the position of equilibrium increa- 


the accelerations of the body in the 


i i illation should also 
extreme positions and the s ecified period of oscillation d 
RON is the amplitude increases. ^5 ptt of different magnitudes 
should become zero at the same time. ; 

Therefore, the sand grains present at those pem of Er meinhrane 
where the amplitude of oscillation is small will have ere ras ler -= 
tions than the grains at the points with a greater opm «y Lo h 
tion. At any moment the grains are accelerated by the joint action o 
the weight mg and the pressure of the membrane f - 5 

When during oscillations the graln passes wit e mem nine 
through the uppermost position, the acceleration of the grain a has 
its maximum value and is then directed downwards. 

The equation of Newton's second law at this moment will take 


the form: — f= ma. ; 
rei m tudo ia high enough, the acceleration a may become 


When the li : 
numerically equal te the acceleration of the force of gravity and at 


with which the body passes throu: 
ses as the amplitude increases, 
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F e will 
this amplitude the force f exerted by the grain on the menoa y 
ecome zero. As the amplitude continues to grow, the tore the grain. 
will no longer be enough to impart an acceleration a > g ° vill be de- 
The grain will fail to follow the motion of the membrane, vith small 
tached from it and move to bus points on the membrane v 
amplitudes of oscillations where a -— g. " ins are 
Pium the magnitude of the amplitude at which the mn 
detached is related only to the magnitude of the accelera behaviour. 
force of gravity, the masses of the grains will not affect their litude bu 
When oscillations are performed with an invariable amp) path i 
with a different frequency, the body should cover the sam 
a different time. , ich the body 
If the fre uency is increased, the velocity with bp time for 
passes through the position of equilibrium will grow, we extreme 
the body to move from the position of equilibrium to t "a bo 
position will diminish and therefore the accelerations of extreme 
oscillating with a constant amplitude should increase in the 
positions as the frequency of oscillation increases. ill begin 
In the case of high-frequency oscillations the grains w! 


: all 
to be detached at lower amplitudes than during oscillations of sm 
frequency, 


— du ached 
184. Solution. The hydrometer immersed in a liquid iF imedes 
upon by two forces: the weight mg and the buoyancy (Arc mersed 
force) f, the magnitude of which depends on the volume of the wilibrium 
portion of the hydrometer, When the hydrometer is in equili 
these two forces are equal. than 
Suppose the hydrometer is immersed in a liquid k cm deeper than 
the position of equilibrium, then the buoyancy is Shp larger 
the weight and j : 


À D 
lends to return the hydrometer to the position. g- 


AGE su: foreo "will 
PIT» p equilibrium, This fo prs s tbe 
J | i part an acceleration a =—— 


m al 
wil 

hydrometer. The hydrometet. je 

begin to oscillate with an amp 

h. 


E ]u- 

It has been shown in ito i 
tion of Problem 183 that for the £r 
yen amplitude of oscillation - 


to 
the oscillating body is deflected 
Fig. 242 


ions 
; — z ie 4 ; celeratio! 
will diminish as will the frequency of c ij increased its ac 


I dps r n H ency wi S 
also diminish when the diameter of 9f oscillations. The frequenc; in 


z al 
oard forces of friction edo 
to fı = kN, and f, = Ne and erg 
board on the respective rollers, — ' ^^ V2 are the pressur 
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The forces f, and f; are directed as shown in Fig. 242. 
_ If initially the centre of gravity of the board is displaced a certain 
distance x from the middle line, the pressures W, and V2 and therefore 
the forces f, and fz will not be equal to each other. Since the board 


can not move in a vertical direction, 


Iz 
i,- tp 


1—z 
=z P 


ie. Ny > Nz and therefore fı > fz- 


P S 3: 
The resultant of the forces f, and fz will be f — kP T directed 
towards the position of equilibrium. T ree 

The board will tend to go back to the position of equilibrium. 
Thus, the forces of friction will cause the board to oscillate. 


12. Hydro- and Aerostatics 


186. h œ 10.34 m. 

Note. The water will rise with the p 
duced by the weight of the water column 
pheric pressure. 

187. Py = 21.5 kgf/cm?. 

188. F = 1.5 kgf. 

189. P = 1.04 kgf/cm?. 


190. d= E dy = 0.83 g/cm? (do is the de 
2 


iod f the side 
Solution. The pressure exerted on the separate elements 0: 

of the vessel (as miliasured by the height of the liquid column) eene 

from 0 to h in proportion to the distance of these oe A m 

free surface of the liquid. For this reason the total force m -— 

on the side surface can be calculated from the mean press q 


to & . The force of pressure on the side surface will be proportional 


2 
to 2arh È , the force of pressure on the bottom will be proportional 
to uh. The required result can be obtained by equating these forces. 


192. It will not. 13i the tap: A will 
i e in the tube at the level of the tap A wi 

be Beatie: The mte pressure. Therefore, CE. pressure 
will " to flow out when the tap . 
PH m chew the às A be tap until the atmos heric prone is reached 
inside the tube and until the water sinks to the initial level. 
193. 148.5 cm Hg. 
194. h = 85 cm. 


iston until the pressure pro- 
becomes equal to the atmos- 


nsity of water). 


202 ANSWERS AND SOLUTIONS 


^ the 
Solution. The water in the tube will rise until the pressure of 


3 d by 
water column that is being formed equalizes the pressure produce 
the piston. 


The pressure exerted by the piston is 


IUBE 2 
P= Ray = 85 gf/cm 


The height of water column can be found from the equality 


dgh = P 
195. P= 4 cm Hg. 


d hz 
Solution. The heights of the layers of water and mercury h an 
can be found from the ratios 

hy + he = ho 
and 


hiyi = hys 
where y, and yz are the specific 


he pressure in centimetres 
the ratio 


gravities of water and mercury. rom 
of mercury column can be found fi 


h 
POP p, gp, 
196. h ~ 3.7 cm. g 


ill 
, Solution. When the water is poured in, the mercury level Whe 
sink a distance h in the first vessel and rise by the same amount in 
second vessel. 


ill 
The pressure of the mercury column of height 2h thus formed wil 
be equalized by the pressure built up by the column of water an will 
body floating in it, i.e., in the case of equilibrium, the following 
P+p 
2dgh— —3iP. 
y S 


where d is the density of mercury and P is the weight of water. 


Hence, h= +p 

ence, h Izas ` 
197. hy=h, a E datos: 
198. hp = 0.3 


Om; hy = 4.8 om, A 
Solution. If the displacement of the levels in the right 
and left-hand vessels is denot ae Meu em and the 
pressure is measured j nt, ^i and Ja Gutta = 2) 


1 f 
in centimet; iti ilibrium ° 
the liquid will take the fon s Tes, the condition of equili 


ha hy = Žodo, 


where dy is the density of water and d i " f mercury: 
As liquid is incompressible is the density o 


Sih = Soho 
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where 5, and 5; are the cross-sectional areas of the vessels related, from 
the given conditions, by the ratio S2 = 165,. The first equality deter- 
mines the condition of equilibrium of the liquids in the tube and the 
second expresses the constancy of the volumes of mercury transferred 
from the left-hand limb to the right-hand one. 

From these equations: 


199. h; z; 0.6 cm. ; 
Solution. When water is poured in, the level of mercury in the 
narrow limb will sink to a height hy and in the broad one it will rise 
to a height h; = A . The height of the water column will be 1 + hy 
and the height of the mercury column equalizing the weight of the 
water column will be hy + hz. Equilibrium will be established when 
the following ratio is observed 


do (L + M) = d (ha + ha) 

where d is the density of mercury and d, is the density of water. 
Hence, u 
0 


200. The difference in the heights em. 
Solution. Since we are given that both limbs have the same height 
the equal columns of kerosene above the 

The mercury level in the limb contai 
Lr qi the mercury level ia bag eh ump " 
of kerosene is smaller than that of water Yo). : Y 

If the dillerence in the mercury levels in the two limbs h denoted 
by h, the condition of equilibrium of the liquids in the tube may be 


written as 
hoyo = hı + (ho — hy) Yo 
Hence, 
ak Yo—v2 h 
Nis e Y2 : 
201. 50 gf. 
202. V = 75 dm’. 
203. d ~ 1.5 g/cm’. 
qoi 


204. v=v %7; V. mul cs 
i mV i f the ball 
Solution. te the fraction of the volume o 
in the Aipper Maud yy, and the fraction in the lower one by Vo. 
Then, V = V, + Vs. ; 
Each of dés. avis of the ball is acted upon by the force of gravity 
V,y and Vz;y and the buoyance (Archimedes force) Vaya and Vaya. 
Since the ball is in equilibrium on the boundary of the liquids, the 
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sum of all these forces is equal to zero, i.e., 
(Vi + V2) Y = Vivi + Vere 


Hence, 
Vy = Visi + (V — Vi) ye 
or 
14—1 
=~ 
imd m 
Similarly, 
i esi e 
=v 
Fant un 


to the 
These formulas can be verified by the method of passage 
limit. 


; to that 
(1) Suppose that the specific gravity of the ball is equal 


3 H expres 
of the upper liquid, i.e., Y — vi Introducing y = y, into the 
Sion for V, we get 


Vi=v 2V _y 


Yay 
i.e., the ball is in the u per liquid. ; xpres- 
The same result will be obtained if y = y; is inserted in the exP 

sion for V, 


V,-y MXN _ 9 


a= Va that 
(D Suppose that the Specific gravity of the ball is equal to P» 
of the lower liquid, i.e 


zm. E 
quor Y — Ys. We get: V, = 0 and V; = V: 
the ball floats in the ewe liqa g i 
205. y= irm — 1.25 gf/cm3. 
Note. Since Vu 


V» (see the solution to Problem 204), then 
v=? zii Rem 
Ye Yo—' 

or Ya— Y— Y—*4, 


from which 23 —v3-- yy or y= i 
206. 0.19 of the volume, 


the 
e volume of the body and Y he 
If z is the volume of the body left in t 
p 


zy + (V — 2) vo = 0 
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m i 1.5 g/cm?. 
. The pan with the piece of silver on it wi 
ov e par Ri p will move down. 
211. V ~ 59 cm?. 
212. P ~ 10.9 gf. 
Note. If P is the weight o 
should hold 


f the mercury the following equality 


Ed Py—P _ Py—P2 
va Y2 Yo 


where yo is the specific gravity of water equal to unity. 

213. d = 1.8 g/cm’. 

214. AU, = Vgh (d — do); AU; = 0. 

Solution. The body moving in water is simultaneously subjected 
to the force of gravity and hydrostatic forces. The work done by the 
hydrostatic forces, as well as the work done by the forces of gravity, 
does not depend on the path. We may therefore introduce the concept 
of the potential energy of a body acted upon by hydrostatic forces. 

When the body is raised to a height h its potential energy will 
be increased by Vdgh by the action of the forces of gravity and decreas- 
ed by — Vdogh by the action of the hydrostatic forces. The total change 
in the potential energy of the body will be 

AU, — Vgh (d — do) 

If d> do, then AU, z- 0 and the energy of the body increases. 
of the body diminishes. 
lume of water V is 
displaced downwards by the sam se the potential 

i i ity will diminish 
i will increase 
ore, the total potential energy of the water will 
remain constant: 
AU: = 0 


215. P=P1+ Y0 (v —71) = 440.6 gf. 
d de of material having the same 


216. When the set of weights is ma 
density as the body being weighed. 

217. y, = 1.94 gi/l; V = il; Po = 125 gf. " i 

Solution. The following ratios can be obtained for the specie 
Bravities of air yg, carbon dioxide y, and water Y2 


P,—P, Pa— Po = 
Yo= 2 ., L— p Ya— y 


r the weight and volume of the vessel and for 
bon dioxide are 


Hence, the formulas fo 
the specific gravity of car 
Pi ; (P5 — P4) y2 + (P3 — Po) Yo 
n P3—Py 


ya Yo j 


Pj= P4y2 — P3Yo p= 
Yo—Yo ° 
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218. 79 kgf; 0.5 g/l. 


ould 
219. The ratio between the volumes of water and alcohol $ 
be 8 : 13. 


tion- 
Note. The density of the mixture can be found from the rela 
ship n 
d, Vadit Vade ( 
EVV.) T 
where V, and V2 are the volumes of water and alcohol; ds and. action 
their respective densities and K = 0.97 is the coefficient o 
in the volume of the mixture. . i determine the 
The numerator and denominator in relationship (1) de 
mass and the volume of the mixture, respectively. " 
Hence the ratio'of the volumes of water and alcohol is 


Yı Kdy—d; 
V.  d4—Kdg t carbon 
c 
220. 77.4 parts by volume of air are needed for 100 parts 0 
dioxide. that 
Solution. The sp 


h 
ecific gravity of the mixture should be suc d the 
the weight of five litres of at is equal to the weight of the pall an 
air. The weight of the bal 


It W is the volume of t 


land the air is yV + P. | mix 
he air in the itke; the weight [im : 
ture will be yW + Yo (V Tprium 
The condition of. equ 
of the ball may be written z 
WV + P= WW + v2 (V— 
Hence, 


P 
w=v+—— 72181 


Yı — V2 
and 
Ww _ 2.18 œ 77.4; 100 
V—W 2.82 — 
" " tio! 
Pig, ag water level will perform periodic oscillatory m9 
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Chapter II 
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13. Thermal Expansion of Bodies 


222. The clock will lose t= 8 s. 

Solution. A definite number N of oscillations of the pendulum 
will correspond to one full revolution of the hour-hand. If the clock 
is accurate, these N “oscillations are performed in twenty-four hours. 
From the given conditions 

24 x 60 x 60 


NE Em 
"T5 
E 


es by t degrees the length of the pendu- 


When the temperature chani 
Lara F he period of oscillations of the pendu- 


lum will be 1 = lo (4 + æt) and t 
lum will change by : 


L to) = 
r-n-( A z 
it 4 * eS URS. 
g 


The clock will gain or lose 
r= N (PT) = AXXO x. 0I. 12x60 x 60at s 
2n V UE ^ o. 
E Eg 
in twenty-four hours. 
223. F = SEat = 3,465 kgf. 
Solution. If the rod were free, 
a length 


heating it by £^ would expand it by 


1 — Ip = alot 
Since, from the given conditions the distance Bon the esl 
plates remains sonst, the Tu 5 hel Los ga the. compres: 
si : e heating. ‘ 
ve deformation of the rad v. the forte of pressure of the rod will be 


According to Hooke's law, 
SE (L— lp) =SEat 


F= 
lo 
224. z = æ 0.02 mm. Ag s 
Solution. MC the length of the 180 divisions of the vernier 
caliper is 180 mm. At 10°C the length of the 180 divisions will be 
1 = Ino (1 + %) 
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ured 
i i f the rod meas 
t is the temperature difference), i.e., the length o à : 
i: AC will bs z = lont smaller than its actual Jones the work 

225. The increase in the diameter caused by heat ing T exceed th 
piece is equal to aly (t — tp) = 38.5 microns, i.e., i 


permissible errors. Corrections should be introduced. 
226. Iron c 


i 18.3 cm. er 
linder 28.3 cm and copper cylinder 1 d copp 
Solution. At any temperature the lengths of the iron an 
cylinders will be 


(4) 
Uy = lo (1 + ast), l2 = loz (A + ast) 
From the given conditions (2) 
l, — l = 10 and 1, — loz = 10 
It follows from (1) and (2) that a 
do 04 
li Ge, 


‘onal 
5 ortion® 
The initial lengths of the cylinders should be inversely proP 
© the coefficients of li 


near expansion. 
It follows from (3) and (2) that 


In, — 1002 1 1. 1024 
d er curs 02—-531— 04 


227, 1—1, tat 


— = 


Bi 757.3 mm Hg. 
ution. Since. 


8 peen 
Sol » from the given conditions, the scale hà 
checked at 0°C, the 


: espon. 
n l, = 760 graduations on the scale will corr 
to the length of the mercury column 


h=k(4 + at) 


= ylz 
The column of mercury of height 1, will set up a pressure os 48°C. 
Where y is the specific gravity of mercury at a temperature 
At 0°C the same 


cury colum! 
I ht L pressure will be built up by the mer 


- = Yolo. otros Of 
Since 4 — Tig the Actual pressure expressed in millime 
the mercury column will at 0°C be equal to 


ual formula for volume expansion 


V= Vo (1 + po) 


where p is the coefficient of volume expansion. 
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The volumes occupied by the vessel and the sphere will 
same at all temperatures. The change in volume "a haba oan te 


y — Vo = BVot 


229, m= et Yo =2 v 


2 
Note. See the solution to Problem 226. 
230. P = 4Vo (Bz — Bs) œ 0-4 gf. 
Solution. The volume of the vessel at 0°C is 


000 — 5 
Vo= que 515 em 


The volume of the vessel after heating by 1° is y, = Vo (4 + ĝa). 
The volume of the mercury after heating is V2 = Vo (1 + B2). 
The volume and the weight of the mercury that flows out during 


heating will be 
V, — Vi = Vo (B2 — Bx) 


and 
P = Vo (B; — B2 


231. Solution. To answer these questions, consider the aerostatic 
pressure produced by the columns of air at points A and B in the 
mine (Fig. 244). 

The total pressure at these points has 

three components: (a) the pressure of the 
air column lying above the level DD; and 
the same for the points A and B; (b) the 
pressure of columns CA and C,B. These pres- 
sures will also be the same since the tem- 
peratures and therefore the densities of air 
are identieal in these columns; (c) the pres- 
sures built up by columns CD and CDi. 
_ Assume that the temperature of the air 
in the mine which is given as constant is 
below the temperature outside in summer 7 
and above that temperature in winter. Fig. 244 

If this is the case, the temperature of the 


air in summer in column CD will be higher . 
han in column CiD: For this reason the 


and its density lower t n 3 * 
ressure built up by column Cw, in summer will be higher than 
the pressure created D. A certain pressure difference 
will exist between points A and B which will disturb the equilib- 
rium of the air in the mine and will cause it to flow from point B to 

i the air will enter the mouth of the mine lying 


up by this column will be 
sure created by column CDi 
verse direction from p 


14-1325 
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Nery 
232. Solution. In winter the air will enter the bottom gà ig 


ir wi in t 
and flow out of the upper one. In summer the air will move 
reverse direction. 


3 ratio 
The direction of the air motion will be determined by the 
of the pressures set up in the bottom gallery by the air c 
and BC (Fig. 245). ate 
In viene the density of air in column AD and the pressure tem mn 
by it will be higher than the density of air and the ressure in Oo ove 
CB. For this reason the air W 
from point A to point B. 


aU 


r1 


14. Quantity of Heat. Heat 
Exchange 

233. 0°C. 

234. M =E (/do—m). ~ 64 g. 


q Bm jece 
Solution. At the moment the Pithe 
Fig. 245 of iron is placed in the calorim' 


m. d to 
density of the iron d = y” relate 


4--—--— 


its density at 0°C by the ratio d —- 


t : era- 
The known values d and dy cán be oie to determine the temp 
ture of the iron: 


i > r d V 
where B is the coefficient of volume expansion of iron and m 82 
are the mass and vo 


^ in the 
h lume of the iron at the moment it is placed in 
calorimeter, 


son of 
The amount of ice that melts can be found from the equation 
thermal equilibrium: 


mCt 


g 
where q is the latent heat of fusion of ice, 


235. q= 2 100 =533 cal. 


236. ~87 per cent of the Original mass of water. 


Solution. The heat necessary for evaporation can be obtained only 


from the latent heat of fusion liberated when the water freezes. UP d 
freezing of m, grams of water, ri 


h te! 
: msgs calories of heat will be libera 
(qı is the latent heat of fusion of ice) which will form the amount ° 
vapour m= A where q is 
2 


the heat of evaporation at 0°C. in 
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= m,-L m, is the mass of the water before pumping, the mass of 
the ice produced will be 
mies q2 
Ut 42 


or ~87 per cent of the original mass of water. 


m 


15. The Gas Laws 


Pato, ig. 246. 
237. TUN see Fig. 
38. P _Po. ig. 247 
238. TN see Fig. A 


239. See Fig. 248. g j 

Solution. At any temperature a given mass of ps wem Lar 
a pressure which will increase, as the volume of the hrec hes nd 
the gas decreases. When the gas is heated in the smal v 


Fig. 246 Fig. 247 Fig. 248 


sure will increase faster than during heating im e denso sad rede 
constant-volume line corresponding to tno ema P, T) than the con- 
form a larger angle with the X-axis on the plot (P, 


' R R-h P 
/ TT 
/ "1 172 
: 7 
far t 
f” pA 
Ü T 0 = 
i 0 
Fig. 249 Fig. 25 


stant-volume line that corresponds to the larger volume (Fig. 248). 


240. ig. 249. j : 
Solution, RA ER temperature and a high pesme thogas sm 
occupy a smaller volume than at a small pressure although at the 


las 


Fig. 252 


£ T 
Fig. 253 Fig. 254 Fig. 255 
iB P p 
[j 
I 
0 [i 
r 9 yo 
ye: Fig. 257 Fig. 258 
P 
P 
ES 
1 
a 
Là 0 
Fig. 259 V 
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same temperature. The higher the pressure at which the const. 
pressure process occurs, the smaller the angle formed by the ie sa E 
pressure line with the X-axis on the plot (V, 7) (Fig. 249). 


241. See Fig. 250. 
ature lines corresponding to the lower tempe- 


The constant-tem per: 
ratures arrange themselves on the PV plot closer to the origin of coor- 


aU 
42. See Figs 251, 252, 253. 

243. See Figs 254, 255, 256. 

244. See Figs 257, 258, 259. 

245. To determine the temperature of the gas at the initial point 7, 
at the final point 2 and at a certain point 3, draw constant-tempera- 
ture lines (Fig. 260) through these points and determine the ratio of 
the temperatures at these points from the relative position of the 
constant-temperature lines. The gas is heated in the section 7-3 and 
cooled in the section 1-2. 

246. The gas expands during heating. : 

Solution. In order to determine the nature of change in the gas 
volume during heating, draw constant-volume lines on the drawing 


Fig. 262 


Fig. 261 


jassing through the initial and final points 1 and 2 (Fig. 261). Point 2 
Ties on the constant-volume line which is more sloping with eene 
to the X-axis than the constant-volume line passing through point 


1 and therefore (see the solution to Problem 
olume at point 


conducted 
ly dimin- 


ishes. 
Solution. In order to solve the prob- 
lem, draw lines of constant re on 
262). Point Fig. 263 


-axis 
the X-ax int 2 and therefore 


present at point 7 at 
conducted with a dimi- 


nishing pressure of the gas. 
248. See Fig. 263. - 
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ill produc? 
Solution. At any given temperature, 2m grams of ein a same 
twice as great a pressure than m grams enclosed wi 
volume. 


; t a larger 
The constant-volume line for 2m grams of gas will be a 
angle with res; 


ine for ™ 
pect to the X-axis than the constant-volume lin 
grams, and 


tan B = 2 tana 
249. 2/3 of the cylinder volume. tempera: 
Solution. If P,, V. and T, are the pressure, volume and 


olume ane 
ture of ams of gas and P5, V; and T; are the pressure, v s hold: 
temperature of 2m EUR of gas ‘the following ratio will alway’ 


PV: =) PV; 

Ts —— Ti j 

ion to Problem 248). the 
— P conditions, when Ad 
piston is in equilibrium, iy = should 
P, = P». Therefore, the piston 
take such a position when 


Vo = 2V, 


ifferent 
250. The plots will be differ 


Fig. 264). eight 

Solution. With the ede. tite gas with a molecular Dido 
2u will oat half as many molecules as the gas with a a 
. the 


ame, m grams 
always pu 
t 


a 

grams of the light 
pressure line of 
plot (V, T) will a 
than that of the 1 


251. The amount of 
Solution. In ord 


heavy gas on the 2 
e more sloping 


252. Seo Figs 266 and 267. 
253. Two answers are possible: 1/610 or 1/360. 
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Solution. The coefficient of gas expansion a shows that the volume 
of gas is increased by 4° during heating with respect to the volume it 
occupied at 0°C on the temperature scale. 

F But 0°C on Delil’s scale corresponds to the boiling point of water. 

‘or this reason, utilizing the usual definition of the coefficient of gas 
expansion all the changes in volume should be referred to the volume 
occupied by the gas at the boiling point of water. 


d 


=const 
a:T=const 


Fig. 266 Fig. 267 
i 1 
Since 1 deg by Delil — 4 by centigrade scale and aVo = 273 Vo = 


1 
—ggg Vioo = V100 the coefficient of 


cale will be 


gas expansion on Delil's 


and the equation of Gay-Lussac's law may be written as 


y = V; (4 + «pt (1) 


where V; is the volume occupied by the gas at 0° on Delil’s scale and £ 


is the temperature i il's degrees. 

If the perature in D aluma of gas is referred, as before, to the 
volume occupied by the gas at the melting point of ice (i.6., as it_is 
commonly done when measuring temperature on the centigrade scale) 
it will be necessary to: s 
. (a) determine the coefficient of gas expansion as, the number show- 
ing the increase in the volume of the gas when it is heated by 1^ on 
Delil's scale with respect to the volume occupied by the gas at the 
temperature —150? Delil; 

) assume the coefficient @p 8S equal to 
j RON 
ap=3%= 3 273” 40 


In this case the equation of Gay-Lussac's law will take the form 


y = Vigo l1 + ep (t 450)] (2) 
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the sam? 
It is easy to see that equations (1) and (2) always produce 
Tesults when the volume of gas is calculated. 

254. 21*C. i 

Solution. It follows directly from Gay-Lussac’s law that 


Vz „ _ 110 — 
Tepe T = apy X 218 


" device 
where V, and V, are the volumes occupied by the gas in the 
before and after heating. 


255. Pe." Tom Hg 
V—V; 

256. P — 74 cm Hg. 

257. 20.5 cm. 


258. he = 15.8 cm. o. 
Note. In this case Boyle's law equation will be 
LP = hz (P + h — 1) 


saci m the 
where 1 is the total length of the part of the tube projecting fro 
mercury. 


259. 0.96 of the initial volume. a pre 
Note. After submergence the air in the glass will be under 
sure of P + s * 


260. y — 600 mm Hg; 


Solution. The flow of 
as long 


z — 15 cm. " inue 
mercury through the siphon will oe the 
as the pressure built up by the mercury at point C insi atmo- 
tube (Fig. 268) exceeds the 
spheric pressure. level 
Assume that the mercury z cm 
in the vessel has dro ped iye the 
and the pressure of the air i 
vessel becomes y cm Hg. . 1 obvi- 
The same pressure y wil in the 
-p--4 ously be established also i ding 
: tube at the level AA’ correspon 


i 
xi 
mercury at point C at the è 

of the mercury column A’¢ = L 


=y+l—2z2wh 
vessel. 


P » Le. it wi equal to . 
ere 1 is the initial hei Tree 


e momen 

will be equal to Po, where p, i at i co, the 
T : mo: . Hence, 

air pressure in the vessel at this mo yg up enam 


y = Po — (L— z) cm Hg 
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We are given that a pressure of P, and a volume of air proportional 
to Z were recorded in the vessel at the initial moment. The volume 
E: air at the moment the flow of mercury ceases will be proportional 
o l4 zc. 

It follows from Boyle's law that 


Pol = y (1+ 2) 


or 
Pal = [Po — (l — 2)1 (+ 2) 


Introducing the values given and solving the equation for z we can 
find the Sop in he eS E REY level and the pressure in the vessel at 
the moment the flow of mercury ceases. 
po is noe the displacement of the mercury column by z, 
the length of the ue occupied by the gas in each of its halves wien 
the tube is in a horizontal position by lo and the ere e dn Siy 
in the upper and lower halves of the tube after it is placed wep iea ly 
y P, and P, we can write the equations of the change in the state 


of gases in each half as follows: 
loPo = (lo + z) Ps 

IpPo = (lo — z) Pa 

p,— Pit ho 


The solution of these equations ks 
262. z—1-L—10..-2 cm; po qz Pot atm. M 
. Solution. Knowing that the masses of the gas are equil and t5 ing 
into account that after the piston is dis laced by an ay apply 
pressures will be the same in both parts 0 the cylinder, 
Gay-Lussac’s law and obtain the ratio 


give us the required result. 


[-s. Pet 
7o F 
from which 
T—To 


oath 


263. Up to 663°C. : mind that the pressure in 
Note. When solving the problem pear ting and (75 + 5) cm Hg 


the tube will be (75 — 5) om Hg 
after heating. 7 erg/deg 
264. Rw 1.9 cal/deg = 8.3 X 107? erg st To = 273° abs and 


Solution. O m-molecule of any gas 9 = i 
a E ASA a (gn atm occupies à volume of Vo 22.4 litres. 
erefore, 


ns l.atm/deg = 0.82 1-atm/deg 
73 
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E x i ions for 

The answer can be obtained by simply changing the dimens s 
i its. " ening: 

x oes eh ve to immerse the vessel eren t he 

Solution. During the whole time the vessels Br tant force Fi = 

one without an opening will be acted upon by a y is the volum? 
— dV, where d is the specific gravity of the water an will flow int 

of the vessel. As the other vessel is immersed the oA of the 

it and compress the air it contains. Accordingly, the 


+t nish. 
ill diminis 
Water displaced by this vessel and the buoyancy Fz wi t be 
Therefore. the work done against this force will at any momen 
than the work agai 


nst the force F,. 
266. Q = 1,904 cal. 
Solution. The fina 


i ined from 
l temperature of the gas is determine 
Gay-Lussac’s law 


Vo V 
% T 
and the quantity of heat from the equation 


Q = Cpp (T — T) 


where p is the molecular weight of oxygen. 
67. A =P (V — V) = R. ing 
: G |f heatin 
Solution. The Pressure acting on the gas is P — ar 
the gas by 4° 


o ga? 
raises the piston to a height h tho work done by th 
will be 


A — Gh — PSh 
But Sh is equal to 


IS the increm 
y the rising pisto; 


aused 
ent in the gas volume (V — Vo) © 
n. Hence, 

4-—P(V—yy ua" 
diui equation of state of an ideal gas gives us the following ed 

S: 
PVo= RT, and Py — (To + 1) 

PV — py, = R. 
Q=71 cal, ° 
Solution. The 


heat taken from t ill be expended 
increasing the temperature M eo heater will bi perso 
piston. 


as and doing work to rais 
The heating will increase the volume of the gas to 


T 
V= Vo-11651 


whence 4 = 
268. 


on 
the 


The work done by the gas in this expansion (see the previous probe 
lem) will be 


A=P(V— Vo) = 20 x 0.45 litre-atm = 9 kgf-m z 21 cal 
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The quantity of heat used to heat the gas will be 
Q—cy(T— T) +A = 71 cal 


269. The heat supplied to t i 
work when the gas poc egi WES n 
pr During expansion at constant pressure. 
eee For all volumes from Vo to V, the gas pressure in the con- 
Rites oe process will be larger than in the constant-temperature 
ig. 269). Accordingly, the work done by the gas will also be 


larger j ^ 

bles sen constant-temperature process (see the solution to Pro- 
271. The tem i 

x perature of the gas will 

decrease because some of the internal 

mena of the gas is converted into the p 

anical work during expansion. o 


oing external 


16. Surface Tension 


272. The surface tensions of the al- 0 V VV 
EYE e be related to a of water as j B 
: 19 and 13.2:13; r= 0.2 mm Fig. 269 


273. Solution. From the moment the 
Gling begins to the moment of time A " , 
(cue 270)the water level will uniformly rise in the capillary tube 
ve I) and remain at the same level in the broad tube (curve II). 


I Lx 


Fig. 271 


i tly increase (Fig. 271). 
MT paneer tho levels wili reach 


the difference ! 


m 
zr 
From this mo f time 
i ment up to the moment 0 
aifillary and broad ‘abe’ will rise with the Same ve 
erence in the levels will remain constant and equal to ho. —. 
Te: At the moment of time B the water level in the ca illary tube will 
ach the end of the capillar and will stop at a height ^, (Fig. 210). 
T" rom the moment B to the moment D the water level will conti- 
ously rise in the broad tube. The water level in the capillary will 


Th difference in the level 
the moment of time 4 


ho 
B the levels in the 
locities while the 
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" cave 
remain constant but the meniscus will change its shape from vd then 
of radius r (at the moment B) to a flat one (at the moment C) co in the 
to a convex one of radius r (at the moment D). The differen iof cD 
levels in the section BC xil decrease to zero and in the sec 
it will change its sign and will increase to ho. illary 
At the Women D the water will begin to flow out of the poner s 
tube and from this moment onwards all the levels will 5 A 
The maximum height to which the water rises in the br 
is hy + ho. The maximum difference in the levels is ho. ater will 
274. The perpetuum mobile will not operate and the w: 
not flow out of the funnel. : vature of 
As soon as the water enters the funnel the radius of uo surface 
the meniscus will begin to increase and, correspondingly, t m only 
tension will gradually diminish. The water in the funnel w exactly 
reach the section with that radius R where the surface tension 
equalizes the weight of the water column A. $ 
The radius of this section can be determined from the ratio 


2 
2nRa = nr?dgh or Rae 
a n 
n H a 
275. The action of surface tension should in principle have 
effect on the position of the hydrometer. " duces 8 
In the case of the wetting agent the surface tension pro ticles 
resultant which is directed upwards and is applied to the par Jaw: 
9f the liquid arranged near the hydrometer. By Newton's thir 


e 
the tube of the hydrometer should be acted upon by a force of the ls 
magnitude directed downwards. The hydrometer should ta 
a lower position than in the abs 


ion t ence of surface tension. st 

The reduction in the surface tension after the ether is added miat 
cause the hydrometer to rise slightly, i.e., it must register a som 
higher density than before the ether is added. 


- es 
at the radii of curvature of the liquid surfaca 
apillary are the same in size both outside ace 

ing on the internal and external SUP "5g 
be considered the same. The force acting on 


P 


~~ Ea 
277. Solution. Mercury effective} t Tightly fitted 
MN x T1 form fno capillary ducts and slits race whieh meroni, 
is raised by the action of surface tension iust 1; i s ca 
Ee che ace tension just like water in glas: 
278. F = 2al = 480 dyn z 0.5 
Solution. When the surface of th 


r 


ef, A = FS = 960 erg. e 
e film is expanded the work d0” 
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will be converted into the potential 


by the external mechanical forces 
ted with its surface tension. This 


REY of the liquid film associa 
i ey is known as the surface energy. When the surface of the film 
cue ced the surface energy is decreased and is converted into the 
potenti surface tension and’then into other kinds of energy: the 

ial energy of the forces holding the movable side of the frame 


= thermal energy. 
. The frame will be acted upon during the first moments by 
i and o; are the surface 


film. The frame 
f the force F. F 
pour out 
f a water repellent 
ter layer in 


2a 
h=—— 72 
0 — Ger 3 cm 
If the hei -— th 
ght of the sieve is less than o the 
er can be drained; when the height is larger = 1 Le 
ter deen then, if the sieve is inclined, a layer of wa- i 
thone a than ho forms near its lower edge and Fig. 272 
die begins to seep through the meshes of the 
281. It cannot i i loss in weight 
` . While calculating the loss in Welgn'^ 
should be introduced for the action of surface, n pv 
e ee dioc et gt w, a force of the same 
d by the liquid 


oo Mi liquid. According to Newton's third taw, 

op gnitude but in the opposite direction Will be exerte t 

sane capillary. The loss of weight in the case of the wetting agent 

in AS less than the loss calculated by ‘Archimedes law and larger 
case of a non-wetting agent. WIT $ 

282. Muda o egit te which the liquid rises 1n the capilla- 

ension in this case is 


car 
Y is hj = x. The work done b 


a correction 


y surface t 


4 = Fh = inu sal energy of the liquid raised in the 
dg * The potential en EY 


capillary is ^^ K 
h 2na 
ho 2ho-3-7—-— dg 
U = mg —-—dgnr 072 dg 
or 
Sy 


Only half o surface tension is converted into 
x E otential Sea wone dene de The other half is expended on the 
wer against the forces of friction and is converted into heat. id thare 
DE no viscosity and friction against the walls, the liquid level wou 

Horm harmonic oscillations in Tho capillary with the height ho as 
Position of equilibrium. 
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illary 
283. Fat is soaked into the paper faster , because is capt 
ducts in unsized paper are much smaller than in the fabric. 


284. a= a £10 dyn/cm. T 
i in the bubbles of 9) 
Solution. The additional pressure produced in the 


owing 
inside the liquid by surface tension can be found from the foll 
simple reasoning. 


«quid the 
When the end of the capillary touches the al of the ligu! dd 
: tio 
latter will rise in the capillary to a height h = pr under the : in ; 
asurface tension F = 2nra directed upwards. In this case the fo 


is equalized by the weight of the liquid column. 
n an additional pressure 


S m? r 


"e an 
is set up in the capillary above the surface of the ligua (5 ension 
is the cross-sectional area of the capillary) the action of sur we in the 
will be completely balanced by the excess pressure of the illary will 
capillary while the weight of the liquid column in the capi apillary 
remain unequalized. Therefore, the level of the liquid in the cap 


y here 
should go down to the initial height and a bubble of air—a hemisp the 
of radius R equal to the radius of the capillary r—will form 
end of the tube. The requi 


red pressure in the bubble will be 


2a, (D 
4P=—- 


where R is the radius of the bubble. 


It can be shown that this expression always determines the exit 
n built up by the surface tension in closed bubbles ! 
iquid. 


T s 
Formula (1) shows that the pressure in the bubble diminishes ? 
the radius of the bubble increa i 


e 
e lated from the data in the problem um 

A pillary should be inserted, instead of R, in the ca 
lation formula 


2 
PF onm 3.6 mm Hg. 
The pump should be Connected to 
Solution. Let us denote the heigh: 
the air is pumped out by k; and hz. es 
The mercury in the tube will be in e uilibrium if the pressum 
produced by the columns of mercury on the two sides are equa 


the narrow ca illary. 
ts of the menity levels befor? 


CHAPTER II. HEAT AND MOLECULAR PHYSICS 223 


273). The total pressure in the cross section 
(mm Hg) created by 
produced by surface 


the cross sectio i 

o n AB (Fig. 
us is haat on each side of the pressure gh 
tension and cae column and the pressure 


F _2nra_ 2a 
For th eee 
‘or this reason the conditi aha n 
may be written as: ndition of equilibrium [ 
2a. 2a, 
h+ — = = i 
ghy+ = gho+ = j 


or 


bead ( LL) (232) 
T gin n) EM Mr 
com s pressure difference of the air should 

of t Reis for this difference in the heights 
mercury columns, i.e ., it should be equal (in mm Hg) to 
msn 
g ni 


286. h— 2 ~3 cm. 
tube placed vertically will 
ig. 274), each 


" gr 
be egies The column of water in the 
actin y two menisci, an upper and a lower one (Fig. 21%) 
g on the water with a force F = 250^ Therefore, the height of 
the column of water left in the tube can be determined from 
the equation 
nrigh = 2F = 4nra 


Porh 
287. t= +h e; 592 cm- 
E i7 P n 
Solution. After rising to a height 
water will compress the air contained 
= an excess pressure AP which can be cal 
J law and will be equal to 
Poh 


AP=P—Po=j—h 


h in the tube the 
in it and produce 
Iculated by oyle's 


Fig. 274 
face tension should in our 


by the weight of the 


The pressure P, = ca produced by sur 
the 


Wats balance the sum of the pressures created o 
oller column and by the air compressed in the capillary, i.e., 
ing equality should hold 
2 : 
Za Po pap (d is the density of water) 
f " A 
Tom which the formula for J can be calculated. 
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17. Humidity of Air 


d 
" the saturate 
288. If the atmospheric pressure is H cm of water, = col 
vapour pressure should be not less than H—h cm of Mo ne 
for the first bubble filled with saturated water vapours begins, when 
the bottom of the test-tube. Therefore, as soon as heating vapour pres- 
the temperature of the water is still low and the saturate t-tube. When 
sure is less than H—h, the water will fill the entire te d vapo 
the temperature T < 100°C which corresponds to a Pa w away Iro 
pressure for water equal to H—h, the water level will Bi temperature 
the bottom of the test-tube. Upon further heating, as t. 1 will E in 
and the saturated vapour pressure grow, the water leve the level 9 
the test-tube and at Toorc will take the same position as i 
the water in the glass. e humi- 
289. The Saato humidity is 48.6 per cent and the absolut 
dity is 8.42 g/m3, 
290. When t 
291. There will be no dew. 
Note. It fo 


he air 
llows from the fact that both the masses of t the 
being mixed and their 


a 
temperature shows that the § 
rated vapour pressure at 15°C will be e ively; 
humidities at 40, 45 and 20°C will be 9, 13 end 17 g/m’, respect ual 
e surplus amount of water vapour in the air at 15°C wi 
to 9-17 —2 x 13 — 0. 
292. 2.87 per cent. 
293. 8.64 g. 


Chapter III 


ELECTRICITY 


18. Coulomb's Law 


294. F—9.2 x 408 E . 
295. F—2,3 x 4073 dyn, 


Ze 
296. v -=y Z. For hydrogen v=1.59 x 108 cm/s. 


21d onde electrostatic interaction of the electron with the nucleus 
should generate the necess 


i k ing 
£ ary centripetal acceleration, i.e., accord 
to Newton’s second law: 
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297. At a dist. 

will be stable d ance of 1/3 from the smaller charge. The equilibrium 

FAS uring longitudinal dis lacements, i i 

Rosine and — if dia ctv Ej Ete Mang ig a 

forces ini order to determine the nature of equilibrium consider thi 
p ng f i 19 

tion of uL displacement of the charge q from the posi- 


298. The negative charge g = $e should be placed at a distance 


a 
cting on each 


3 from the charge e. In this case the sum of the forces a 


u— pu system will be equal to zero. 
299. The test charge should be placed at a distance a — 14+ V2) 
"€— the positive charge. The equilibrium wi be stable. ) 
equat The position of equilibrium can be determined from the 


T a ray 

h —"— 

i epa; equilibrium can be found if we consi 

equilibrium. ^l displacements of the charge q from 

Wd the charge q is displaced from the position of equilibrium 

Dolar? hs change in the distance from the charge +e will always 
ne an the relative change in the distance from the charge —2e. 

tion a er words, if the charge q i5 moved a distance z from the posi- 

equilibrium towards the system of charges, then 


der the forces pro- 
the position of 


Therefore, when the charge q approaches the charge e, the forces 
increase by a greater magnitude 
ani e 


of repulsio 
th n created by the charge e 1n 
an the forces of attraction produced by the charge —2e, an 
e unit charge d to the position of 


resultant a 4 
tant appears which returns th 
equilibrium. When the charge q is moved away from, the charge e, 
the same reasons diminish faster than 
directed towards the 


the forces i 
t of repulsion will for 
te dores of attraction. The resultant will be T 
totem of the charges, i.0. it will again return the charge to the posi- 
ES equilibrium. : 
he equilibrium will be stable. 
gon e showing the dependence of the force 
if w the distance from the charge +e ©? be plotted 
we reason as follows. E 
of e the charge q is moved closer. to the charge ¢ from the position 
the quilibrium, the difference in the relative change 10 the effect of 
the $ arges e and —2e will become greater and greater and, accordingly, 
tem orce of repulsion acting on the charge q, 8$ it approaches the sys- 
rd p continuously and very rapidly ein of As the 
i ìs ber stem from quili- 
brium d. ng moved out of the sy: om the Pet of the ae 


e difference in the relative change 1 
e and —2e will boan PA ps i built up by these charges 


i : d the forces 
Will rapidly diminish at the $8 


acting on the charge 
qualitatively 


me time. 


15-1325 
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from the 
Therefore, when the charge q is moved out of ae pen (the 
Position of equilibrium the force of attraction at usps pronounce 
difference in the relative change of the distances is pue distance, 
than the decrease in the torea) and then, from a a difference in 
onwards, diminishes and rapidly approaches zero. (' in the di 
: the relative change i tly smal 
F tances becomes insignificar played 
and the principal pad of the 
by the decrease in ed charges € 
F Frisülilim forces produced by t 
orces of repulsi, and —2e.) -s gs ele 
300. g = 2.6 x 10- cg " 
e 4 “the. magnitude strom 
charges can be determine 
the equation 


P m? 
Fortes of attraction E Lig Yi 
=m 
Fig. 275 from which we get q 


-8 cm/g':9 
where y = 6.66 x 10 3 
is the gravitational pcc" force 
nected they interact bc to Fa 
Te avn and after they are connected with a force All be the same 
7 1.6 dyn. After connection the charges on the balls wi 
and equal to 12.5 cgs electrostatic units. J harges will be 
Note. When the balls are connected by a wire the charg : 
distributed equally between the balls. lectrostatic 
* e = 8 cgs electrostatic units and e; = —2 cgs e 
units. are con- 
Solution, The force of interaction of the balls before they 
nected is 


301. Before the balls are con 


eje 
fo 


and after connection the 


£1 - €2 and the 
charge of each ball will become M an 
force of interaction to 


Fo= (eie)? 


412 
Hence, 


£162 = Fyl2 
€14- 65 — 21 VF, 
we get 
tM: +V FF) =8 o 
e=l (VF:— VF: =F,)= 


Solving these equations 


gs electrostatic units 


—2 cgs electrostatic units 
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When i i 
attractio. nserting the numerical data 
303 ur E E ae c Mist: the: Hosa 0 
V mg tang ~ 180 cgs electrostatic units. 
e 


Solution 
. The force of interaction between the charges Fy = 


should e " 
int qualize the " 
he thread (Fig. mr pues of gravity and the tension 


"s zi Apes m 
Vi 
equality [wem p can be found from the LV 
4. The balle wi 
TE “ae balls will first go down, touch 
r and then move apart a 


distance bes 
>: 


T 


Soluti 
the pi Let us denote the charge and 
and n, E ball before contact by ¢ 
y L. the length of the threads 


Since L 
the condi , X a and L > b, we ma writ 
ndition of eniti of the alls 


efore co 
em 303): (see the solution to Pro- 


Fig. 276 


e2 
meg tan a=mg 3L 
On co 
equall ntact the charge e still remaining on one of the balls will be 
y distributed between both balls and the condition for the new 
equilibrium of the balls will be 
b eb 


DU i Bs tan B—m£ 3r =a 
gee np=mé 3L a8 


Hence, 


305. e=2l sin + mgsin -7- r 
Solution. The deflected thread will 
be acted upon DY the weight Fı = mg 
acting through the centre of gravity of 
d and the force of interaction 


the thread an fc 
e : " 
On the end of the charges F= E (Fig. 277) acting 
the sum of of the thread. The thread will be in equilibrium when 
TE tolo e monan of these forces is equal to zero. 
s from simple geometrical considerations thai: 
TÉ" sin a; 


the 
moment of force Fy is equal to 73 


EET 


M 


d 


Fig. 277 


15* 
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2, 
the moment of force F, is equal to F cos ; 


or, since a— 21 sng, the moment of the force F, will be 


Hence, i 


306. The like charges will act with a force F, = 5 y3 = 0.02 ov 
in the direction of the Perpendicular to the line connecting the ws 


Fig. 279 


t i =F 
v uM unlike Charges will act with a force F: = ;z 

= 0. n di 

(Fig: 278) rected parallel to the line connecting the charge? j 


307. The negative charge q= 


r , prium 
=>- (142 j uilibriu 

of the system will be unstable. * Si duda 

Solution. Each charge at the 


d 
four corners of the square 1$ ges 
upon by four forces (Fig. 219): tw. 


e 
© forces p, = p, = E set up by P 
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2 


charges at corners 7 and 2; the force F; = zi set up by the charge at 


ae produced by the charge q. 


corner 3; and the force Fy = 
etrical sum of these 


For equilibrium to be established the geom 
forces should be equal to zero, i.¢., 


Hence " 


q=4 (1+2 V9 


the equilibrium of the system 
t to one of the charges and 


., In order to determine the nature of 
it is enough to impart a small displacemen 
estimate the change in the magni- 
tude of the forces produced by the 
other charges. 

For the sake of sim licity, let us 
Consider a small displacement s 0 
one of the charges +e along the dia- 
gonal in the direction from the centre 
of the square (Fig. 280). 

Since the distance from this charge 
to the charge q is the smallest, the 
displacement s will cause a muc 
arger relative change in the distance 
to the charge q than the relative 
change of the distances to the other Fig. 280 
changes: Therefore, the displacement g- 

up more than |. í " 
the forces Pas pie ar i oreover, the ar e wil ae 
e angle 'ces an . C t 
and 2, This rection in the angle will slightly increase the resultan 
Otho SER i ihe- 
me tae aaa in the new position ue ms tá M ad 
rately be smaller than the geometrical sum of t| 5 roes Pi cho resultant 
- Ta this new position the charge will be acted UP 
directed away from the position of equilibrium. 


19. Electric Field. Field Intensity 
308. E = 1 x 10-74 cgs electrostatic units — 0.03 V/cm. 


the principle of independ- 
lem, use the P d at the point A 
i ities of the fields set up 
by each charge. The potential at the point A will be equal to the sum 
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TS, harge 
of the potentials that would be established at this point by each c 
Separately. 


4 R` : ntire 
Solution. The charge will be uniformly distributed pg dem £ 
ring. Each unit of the ring length will accommodate a cl 


E M. 
°= aR 


a oint 
The intensity of the field set up by the charged ring at each p 


a ie ed bY 
in space will be the geometrical sum of the intensities produc 
the separate elements of the ring. 


L 


lz 
Fig. 284 


Fig. 282 


1 a 
of the ring they are mutually compens o 
and the tota Intensity of the field in the contre of the ring will be er y 
T ^ i ment 2, at the point 4 (Fig. 282) will set up an inten 
E,— H 


"ugs directed at an angle a = 45° to the axis of the ring. 
i . olz, 
At this point the element 1, establishes an intensity E; = 2m 
When the intensities of th i added t 
sum will include on] fections of die e ie and E, on ee 
axis of the ring, | Stee way the projections of the inten? 
sity vectors created by all the other elements of 
ed in pairs, 
For this reason the intensity vector at the point A will be equal t° 


62nR 5 
Fas spr cosa 2 V2 


4R2 
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tob the point B and the one equal to zero after the contact at the 
Note. When the charges are transferred to the electroscope by the 
method described in the problem the divergence of the leaves of the 
electroscope is proportional to the density of charge distribution at 
the points of contact of the ball. The charges will be distributed on the 
surfaco so that their density is 
igher at the points on the sur- 
ace having a greater curvature and 
pe at the points with a smal- 
He curvature. The curvature and, 
herefore, the density of the 
charge is larger at the point A than 
at the point B. 

342, See Fig. 283. The ball 
will have induced negative charges 
9n the side of the positive plate 
and positive charges on the side 
of the negative plate. 

e". Ines of force will be ion 
ball. ular to the surface of the Fig. 283 
"E Bist in the shapa and m 
emen i orce oe 
are caused o ie that. the field of the capacitor fa Supe pall. 
the electric field of the charges induced on the n po 
314. (a) A field will exist inside and outside t e T surface of tho 
(b) A negative charge will appear on me rN 
sphere and a positive charge rnal a han e. 
(c qid a positiv eeld inside the sphere Wih ro will change. 

(d) Only the electric field outside the (P. ere nal surface of the 
315. The charge will be distributed o" the Core will be zero. 
Sphere, The intensity of the field inside the T rge e situated at the 

electric field similar to the field of the point : horo, 
centre of the sphere will be set uP outside firt STae to the interaction 
Sto" tho sphere wii begin to move SPS) each plate (Fig. 2800. 
ot ches rhe plates With the charges induced 55 charges will diminish 
317. See Fig. 285. The density of the inducing the point charges. 
from 4 to B oe the surface of the plates D ad uniformly on the 
Induced charges of opposite sign will be distr) 
internal surfaces of the plates. 
318. (a) 0; 4, 2, 6. 
€ 8 e spaces 1, 2, and 
(b) The potentials will be 0, 57: 2" $n a nA space 2, J it 
3, 4 the intensity of the field will increase, ae A t 
Will become zero, The charges on Plat J plate 4 a negative one. 
(c) Plate 2 will have a positive charge and P. 


319. a—£É —0.5 cm/s. 
m 


(Th 
tna 


PRrTrTe ee Pea 


eee eeeeer GR B G6 4 
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z : ill be 
Note. The force acting on the charge in the electric field wi 


: e will 
— eE. Newton's second law equation for the motion of a charg! 
take the form eE — ma. 


A BN 
p 


Fig. 284 


320. Parabola; h = 2.8 mm. T ill be 
Solution. The intensity of the field inside the capacitor W 
LA 
er i 


The electron will be acted u 


roe 
y Pon in a vertical direction by the 0 
F=ek= e -q (Fig. 286) w 


ion of 
hich produces a vertical acceleration 


Sá the electron equal to 
TE 
| i fF «Tf 


a =—=— 


| 

| i 

! I m7 md 
ab Vv. . I : the 

| 7-717. The equations of motion of 

| YF “ss! 2 electron are: -— 
e -— in the horizontal directio 

I 


l= vt 
1 
in the vertical direction 


The electron will move as i bove the 
surface of the ath. a body thrown horizontally 6 es 
The vertical displacement of the el it escap 
from the capacitor will be e ectron at the moment i 
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3241. E- PE x1 
z 0 cgs electrostatic units ~ 3,000 V/cm 


322. - / 
(a) T=2n V L : (b) T—2x F d . 
et 2 V Ew. 
m 


.. Solution. If 

s charwed posi a charge +e is placed on thé ball ani 

not wale ie one the ball wi ] be acted upon ina d the upper plato 

the AAT He force of gravity mg but by the force eZ, where E is 

will cannes dh the electric field of the capacitor. This additional force 
he magnitud e acceleration of free fall of the ball in the capacitor. 

e of this acceleration can be determined from Newton's 


se 
cond law equation 


and will be equal to a rm Jem 
gaet—F 
Intr i " 
cadi aie Tp value of g' into the formula for the period of 
ecreases in e e pendulum we find that the period of oscillations 
e first case and increases in the second. 
T—T T2 
Ti 3 mg =3mg=3ef; 1-799 cm; 
^E 
T3= a 
g—25 I 


323. F= 


f oscillations of the ball in the absence of 


T,—22 V (4) 


he ball and the capacitor have 


'evious problem) will be 


Soluti 
the ae The period o: 


Th i 
e period of oscillations after t 


been 
charged (see the solution to the pr 
aes 
(2) 


1 
T,—25 Vat 
etx 


pacitor and the ball had 


Since 
ra. < T,, the upper plate of the ca 
Sur the same sign. 
ring (1) and (2) a 


nd solving them for F we obtain 


- nn mg 3m 
Sine i t 

"E. 3 the forco of electri interaction of tho ball with the plates 

pacitor is lang i i 

se a e mn 
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is 
; the charge 
equilibrium of the ball will change when the sign m onc a 3 
m v oint A corresponding to the position of ape ies 287) 
ball wil arrange itself above the point of "the simultaneous action 
The free fall acceleration of the ball under t ue by the electric 

of the force of gravity and the force produced by 

will be directed upwards and equal to 


a 


int A 
the point 
Therefore, the period of oscillations of the ball about 
will be 


ü j 
j 
mee 7 i 
| eet | 
4 S 1 
‘a | i 
| 
mil 
l 
= , 
Fig. 287 


Fig. 288 


the 
: and 
324. The position of equilibrium of the ball will change 
‘Period of oscillations will diminish 
Solution. If the mass of the bal 
sity of the field in the Capacitor E, 
ead will make such an aj 


H ten- 
` : d the im ie 
1 ; its charge +e and th 4 

and the ball i in equilibr)esy that 
ngle æ with the vertical line (Fig. 


tang — £E 


mg wton' 
The free fall acceleration of the ball can be determined from Ne 
second law equation 


"=V (mg cE 
and will be equal to WE (mg) + (eZ) 


g-Yetrgmg | V ex(Ey 
EE m g+ ( 7h 
Hence, the period of oscillations of the Pendulum will be 


T—2a V yy D 
[4 


V. e (&y 
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325. q ~ 5.9 x 105 coulombs. 
Note. To solve the problem, us 


of the field of a point charge E = E from which we have q = Er’. 


e the expression for the intensity 


20. Work done by Forces in an Electrostatic Field. 


Potential 


326. v = 32,600 km/s. 
Solution. When the electron moves the work done by the forces 
of the electric field will be 
A = Fd = eEd 
According to the law of conservation of energy, the following must 
be true: 
j 
m? or eEd—77- 


Hence, 
sey 2eEd _3.26 x 109 cm/s 
m 


327. d=} =5 cm. 

328. o = 8 x 107? cgs electrostatic unitS. . 

Solution. The argal metal sphere creates tf externa] p E 
Same electric field as would be set up >Y a ont ais gp 
its centre. The potential at any point in suc a fie 


-— 
essem 


Hence, the charge on the sphere g = VR and the charge density on 
the surface of the sphere 18 


a | AM 


= == cgs electrostatic units 
o=- R = Ga 12-56 x10 


329. V — 150 V. " " 
= Solütton. ihe principle s deri bio en stn the fld 
akes i i ate A i 
eR opem P point charges a5 the sum of the potentials 

Set up by each charge separately 
e 452 —300 V 
v= Va Tz 


oduced the potentials al 
times. 
70 ergs- 


; t all the points 
When a dielectric is intr p 


in the field will be reduced ? 
330. A = q (Va — Va) = 2 
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ai ctro- 
331. qı = +410.25 cgs electrostatic units; qa = —10.25 cgs ele 
Static units. 


ean f the 
Solution. In order to solve the problem, use the principle o. 
independent action of electric fields. 


ials; the 
The potential of the first ball V, is the sum of two A "e 
potential established by the Charge on one ball and equal to = 


go 
the potential set up by the charge on the second ball and equal to 7; 
(knowing that r a). 
Thus, <a) 


— odo 
“a= rt a 
Similarly, 
eR. di 
Vae rt a 


Solving these equations for q, and q, we find that 


=ar D2—aV4 rV4— aV; 
u= r-ea D qo— -2a 


"- tain 
Utilizing T? € a, we can simplify these expressions and oN 
or the magnitude of the charges: 


s 
u= ——- (rVa—aV,), [RN (rV4— aV5) 
a 


332. Outside the spheres p.410 and vaste ; insid 


e the 


=0 
q = 
large sphere f= and vat +2 ; inside the small sphere Ë 


istri- 
le p oblem, He the fact that the chetga dield 
1 “Phere produces outside the sphe re. 
Similar to that of a Point charge situated at the centre oF the sphe Q 


t =o 
Produces an intensity EQ = T 


se 
le of independ r > and therefore, on the basis of the m 

ciple of independent action of elects tanaty ana ABO 

potential of the field outside the sphen’ oie ¢ the intensity an 


ett i a 
d and a potential Va = 


Qag 
B= ta and Bat s 
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Inside the large sphere the intensit 
: y of the field establi 
the charge Q is zero, and the potential in the field set up niodo 
Q 
x the charge g 


will be the same at all points and equal to Vq = 
= E and a potential V; — X 
r a r 


sets up at these points an intensity Eq 
and therefore the total intensity in the space between the spheres is 


E= Eo + Eq = Sand the potential V — Yo + yVQ- i4 . 


th Correspondingly, the intensity of the fields of both charges inside 
e small sphere will be zero and the potentials constant, i.e., Eg = 


E= 0 and E=0, 
4 and y-$ 44 


Q 
Vom Is Vu 
333. Q = 83 cgs electrostatic units. : 
Solution. Since, as is given in the problem, the charge is distri- 
f both spheres the charge 


buted with the same densit 
i the internal one 


on the external s here Wi 
% = Ánr?c, and the require 
m. work needed to trans 
at un centre of the spheres, 
is centre. As in the solution 0 


be a = AnR?c and on 
d charge will be Qd .. 

itive unit of electricity to the 
ically equal to the potential V 


is numeri! 
f Problem 332 we shall have 


After inserting the values of qı and g2 We shall obtain the expression 


for the charge density 
MN m 
Ga (R47) 


for q; and qo, respectively, 
mV BRA 
u-g; ™ = RT 
and, finally, for Q: 
DR y 
Q-—ERS 


334. Y, — = .yu-EG- 1) = 4,200 V. . 
Note. [^m Led b the metal bar removes the electric 
field in the entire volume occupied by the ber. en a unit chargo is 
transferred from one capacitor plate to the other the electric field will 
only do work over the pat! d — 1) and, correspondingly, rd potential 
ifference between the plates sil drop to V2 — E (d — 4) after the 
ar is introduced. 
335. The leaves wi 
Note, When the electroscope 35 


i ected by the same angle. 
1l all the time be dei described in the problem 
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: f the 
its readings will be proportional to the potential on the surface o 


f thi 
body. But since the potentials at all the points on the surlete ot the 
Conductor are the same in an electrostatic field the divergenci e for 
leaves of the electroscope will also be the 
[4 all the points. ery” 
i 336. "e Fig. 289. The lines of force eae 5 
where perpendicular to the equipotential Sus ntensily 
the direction of decreasing potential. The Hal z 
of the field is higher where the equipoten 
faces are closer to each other. 
337... 4 — 0. . tion along 
Solution. The work done duing moti ro sinc? 
A Straight lines 2, 3 and 4, 1 is equal to Poirection 
Fig. 289 the force p — gE is perpendicular to the 
of motion (Fig. 290). 4 is equal 
force F in the sections 1, 2 and 3, e 


tttttt 


Fig. 291 
he 
338. Solution, To prove thi k done bY Dit 
"ts e on t gut caeute tho work, done Mg 
lg. à E 
Since the li . o field 
along eaoh Ae zs force are parallel the intensity of the 


sn tbe 

n 
: orco in the section AB than one 
pusity of the field p. and, hence, the work Afr. ip 


A cD: 
te: ; ction 
e work done for sarin E; and the work Ag in the se 0 


zer 
T E is i Pot the 
charge. Perpendicular to the 


" ;c field 
: by the electri i trostatic fier 
is always equal to zero ip any closed aed n dae obtained yo 
Incompatible with the basi i n tic fields and 
field described in th cannot ga p. tric 

339. Solution, To pr is, calculate the work dons bY elec ji 
forces in a circuit ABCD (Fig 
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AD 
and BC and the arcs of the circles 4B and CD coinciding with 


the pe lines of force. 
" e the lines of force are ll i i 
As ) parallel the intensit 

Constant mn the line AB and that of the field qt D: 
sd work in the section AB will be equal to Von 
b ERE han the section CD to Ezra and in the sec- 
dicus e and BC to zero (the vector E is perpen- 

ys A. the direction of motion of the charge). 
deca e work done by electric forces in a closed 
ORO mun electrostatic field is always equal to 

(see Problems 337, 338) we have 
T E,Ra — Ea = 0 
dE, Lg 

E, R 


Which was required to be proved. 


21. Electric Field in a Dielectric 


340. Seo Fig. 2 i i 
o g. 293. The sharp change in the number of the lines 
force, as the boundary of the dielectric is passed, can be eue 

by the action of the polarizing 
charges set up on the boundar- 
ies of the dielectrics in electric 


fields. 
ae 
34i. Mat —0.4 cgs elec- 
trostatic unit; E,= EH = 


= 0.075 cgs electrostatic unit. 
342. d = = q; o 


g—1 
-— 0 
Solution. If there were no 
i ound the ball, it 


E373 


Fig. 293 


When a dielectric is present @ field of intensity 


4 
E:= Gt 


ei 
ill be generated. 
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] to 
= =- 4—1; iously equa 
The difference E = E, — E-T is obvio 


he 
" ing near t 
the intensity produced by the polarizing charges q arreo distributed 
charged body (Fig. 294). Since these charges are E ar 

: d j uniformly over the sur: Chat 

ball it may be assumed 


" 


= 

«ons 0b- 
Comparing the gzpeansil 
tained for E we find tha 


d 


e po 


A h 
The surface density of t usly 


? «ui pvio 
larizing charges o^ will o 
be equal to 


- 
q' e—1 9 = g 
=a" e Anf? r dis 
Fig. 294 where e is the density the pall. 
tribution of the charge qo 


o 


ve 
eWay i <a. ill be act? 
the balls are immersed in the cil they parte pr 
ght mg and the buoyancy—mg d which 

duce the Tesultant mg AA. 


3 
343. b—a 


Solution, When 
Upon by their wei 


d 


e 
. ea a 
The electric interaction of the charges on the balls will be P 
The con 


dition for equilibrium of the balls may be written as 


a) 
d—d, e2 
MEME. 
(the solution is the same as in Problems 303 304) 
ince 
b 

t uM. 

an a= 5 L 
and 

L "ga 
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(from the solution of P. i 
s roblem 304) and introduci i 
equation (1) and cancelling mg “fi e, oe n uM S 


3 
b=a V wae 
e (d — do) 


22. Capacitance and Capacitors 


S 
344. 0-25 32 cgs electrostatic units; 


eS 
Qz = 88 oT cgs electrostatic units. 
a de In the first case the magnitude of the charge on the plates 
M e man constant when the oil is poured in; the capacitance of the 
¥ spar will increase e times and, accordingly, the potential diffe- 
als e between the plates and the field intensity in the capacitor wil 
S become e times smaller. 
lata, the second case, when the oil is poured in, the charge on the 
ut es will increase e times due to the increase in the capacitance, 
ch the potential difference and the intensity of the fiel will not 
ange, 
bone Solution. If one of the bodies carries a charge q anı à 
sit y sets up a field intensity E at the oint where the first body is 
uated, the force acting on the first body will be equal to F = gE. 
th Since the potentials of the conductors are maintained constant 
en, when the dielectric is poured in, the intensity of the field E 
d also remain constant at all 
aced in a dielectric their cen 
if the potentials care to 
constant, the charges on increased e times. 
If i» the charge on the firs , it should become eq 
after the bodies are placed in i ic and the interaction between 
the bodies will be F2=e92 = eF, where Fi = qE is the force acting 
on the body in the air. NE , 
346. In the first case the force will diminish in proportion t 
and in the second it will increase in proportion to 8. . 
th Solution. If the magnitude of the charges g remains unchanged, 
e intensity of the field E will diminish e times when the dielectric 
is changed, i.e., Z2 = Ei Accordingly, the force equal to F = gE 
z. e 
acting on each ball will be decreased e times. 
Second case. See the solution to Problem 345. 
fi the first ball to the second; qı — 


o 4/e 


_ 347. The charges will move from : 
Qv ~ 7 cgs electrostatic units; ^57 2.6 ogs electrostatic units; 
n = 27 cgs electrostatic units 


Q, = 13 cgs electrostatic units A 


2 
(Q, and Q» áre the charges of the palls after they are connected). 


16-1325 
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h 
; jals of eae 
Solution. To solve the problem, determine the Deis med that 
ball. Since the balls are a long way apart it may 


v= and v=% 
e motion 
since V, > V, the charges will move onto the second ball. Th 


; ome 
of the charges will cease when the potens of the balls bec 
same. The following equalities will then hold 


=> =p" 0049:-n425 
r R 
Hence, the charge on the first ball Q, will be 


0:— Ep ata) 


he 
ll to t 
and the quantity of electricity transferred from the first ba 

second will be 


R TQ» 
q4—09,—— 


r+4R r--R 
348. V= DOLOS, 969 v. | charge 
2 : 
Note. In order to Solve the problem, determine the Lo pacitors Os 
of the capacitors and the combined capacitance of the cap 
and C, connected in parallel. 


acitor 
9. The quantity of electricity transferred from the first cap 
to the second is 


aCe) Do " 
177 0C, 6x10 coulom 


are 
" es 
Solution. Before the capacitors are connected their E. the 
Qı = C,V, and Q, = 2V2 respectively. The charge rena the two 
battery after connection is C1V. — C;V;. The capacitance 0 lates of 
Capacitors is C, + C2. The potential difference between the P 
thecapacitors after Connection 


sae 
is y= SV1—CoV2 one charge rema 


es ferre 
C; > The quantity of electricity trans 
T to the second is 


=Q,—Q'  C1Co (V4 4-V;) 
dole c 


drop 
4 is the charge on the small 


i 
from the first capacito 


350. V— à V N25 v whore 
and N is the number of drops, 
Note. In solvin 


2 nce 
g the problem use the formula for the capacita: 
of the ball and calculate the radius of the large drop. 
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351. It cannot because the capacitors would be punctured. The 
= 6,000 V; Vz = 3,000 V and 


voltages in the capacitors will be Vs 
s = 2,000 V, respectively. 
i Solution. It follows from the fact that the charges across the plates 
of the capacitors are equal that 
ViCi = Vaa, Vala — VsCs 


and 
Vit V2+ Vs— V 
required answer. 


Solving these equations will give the 
the bar is shifted the capa- 


352, C— 58 4,42 om. When 

, —n (d—1) 
citance will not change. 
1 Note. In order to solve the prob- 
ju consider the capacitor with the 

ar inserted in it as a system of two 
plano capacitors connected in series. 
i 353. The capacitance will be dif- 
erent. It will be larger in the se- 
cond case. 

Solution. In the first case there 
will only be charges on the inside 
Surface of the larger sphere. In the 
ond case the "Charges will be on 

oth sides (Fig. 295) and the capaci- Fig. 295 
eo the entire capacitor mist e 1B 

ulated as the capacitance of a sy- . 
Pm of two capacitors ‘connected in parallel and with plates AB and 


35: - Q? 270? m Us s 
4, F—QE-2n- A=Fd=— i= =z 
ee V 3c Av lectrostatic units. 
9 2 2dC Drogas 
=1,200 V. 


356. V = y - cgs electrostatic units 


per plate i5 P= 
e of the capacitor is 


CV? (seo the 
Solution. The force acting 0n the up 2d 
Solution to Problem 354) and the capacitance! 


S 
C= tad 
Hence, 
8nd?P 
se and V= = 


P= gad 

357. In the second case. 
Solution. In the first case when the plates are drawn apart the 
potential diference remains constant but the capacitance and, there- 


16* 
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— crease 
fore, the charge across the pistes diminish. This will gradually de i 
the interaction between the plates. " tant. 
In the second case the imeem across the plates redis Co value 
Therefore, the interaction between the plates will keep the 
it had initially while the plates are being drawn apart, tances more 
Therefore, when the plates are moved identical dis 
work will be done in the second case. 
358. e = 3. 


23. The Laws of Direct Current 


359. R — 0.017 ohm. 
360. One Yakobi's unit is 5.75 ohms. 


361. R = 4.1 X 10-1 cgs electrostatic units. ostatic 
Note. In order to convert the resistance into ogs electr 
units, 


use the definition of the resistance from Ohm’s law: 


Rohm = PLC TEO HN 
ohm” Tamperes  300X3 x 109 7 mmer: 
362. The resistance of the wire is 343 ohms higher "n “oes not 
The change in the length of the wire gives a correction tha 
exceed 0.6 ohm. 
363. 1 = 16 cm. 
Solution. The resistance of the lamp filament is 
yz l 
a iar 3 
The resistivity of the incandescent filament is 


T 
P= Pore 


cgs electrostatic units 


The length of the filament is 


1= 7S _ RST _ VST 


p Pol — NpoT 
364. I—2a is ten times larger than in normal burning. 
365. C= Tx Á. 


Solution. The capacitance of the capacitor C = sd 


4 nd ` te 
The resistance of the capacitor after filling it with electroly’ 


R= xg and its Conductivity A — 4-8 
e 
Hotton, espera, 


š . itor? 
The expression obtained is of a general i acit] 
eene DI nati rue of cap’ > 
of any shape and is widely utilized in electrical’ pol re calcul? 
tions. 


366. Lenz's unit of current is 0.065 A. 
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Soluti 
" iine It follows from the laws of electrolysis that the quantity 
substance liberated on one ele 
ctrode M= Fh i 
NÉ Fn It where F is 
(s y's number; J is current in amperes; t is time in seconds and A 
On eg mae or the gem : 
the asis of Avoga ro's law, the volume of oxygen 
5 desc is passed will take 1/3 of the volume of onl oe 
the exi of 760 mm Hg and will be equal to y = 13.72 em’. Hence 
of the liberated oxygen M= f 0.0196 g. The current 
n 


c s 
orresponding to Lenz's unit will be I —7747 


367. R, = 10 ohms; Rz = 20 ohms; Rs = 60 ohms. 
Solution. When the rheo nt is Jo = x 
o 


i stat is cut out the curre 
A. The resistance R, can be found from 


the equation 


Ry+Ro= or = 
Therefore, To—i Ri 
y 
- megeg t 
eq thee 
jt in series. 


er should be cut into the circu! 
t will be: oo; 4.2 x 107 ohms; 6 X 40° ohms; 


368. The galvanomet 
ohms where ” is the n 


The scale of the instrumen 
4.0 x 10° ohms; -i 120 x 408 
division. . 


The minimum resistance that can be 
divi ‘ote. The values of the resistance ^n 
isions on the galvanometer scale can be determin 


mula 
y 


Bap 
Where V is the mains voltage; n is the number of the scale division 
nd I, is the current corresponding tO one division on the galvanometer 


umber of the 


105 ohms. 


measured is 3x 
corresponding to separate 
ined from the for- 


Scale. 
369. Zo = 5.05 A 
Solution. If the voltage in the circuit is V, the current in it before 
and after the ammeter is cut 


the ammeter is cut in will be Jo — R 


Y 
RH Mere 2 
gone I 


in Z, = 
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370. R= Ro _59 ohms (n— 20). 


; if 
times } 
Note. The response of the galvanometer can be reduced n 


z urrent in 
a current of “—* 7 is passed through the shunt when the c 
n 


ee 3 dimi- 
now = 0.032 ohm. The response of the instrument will be 
nished 250 times. 


372. 0.5 V per division. 
Note. For 


i ent its 
4 current J = 1 mA to flow through the instrum 
terminals should have a voltage of 


V= IR =10 x 500 = 0.5 V 
373. Be 


yet 
as 
fore the voltmeter was connected the voltage w: 
= 105 V. The error is 5 V. 


374. R = 


= 2 ohm f te 
n R E V 61. S. The resistance R’ calcula i al 
P n th Ro — œ W. actu 
E d a tio th at 0 will be 1.2 ohms less than the 
value. 


m ircuit g 

3379. For the 1 ohm resistance the measurement error | be 0. 001 oe 

Will be 0.1 ohm or 10 per cent, and using circuit b it will 0 02 per cen 
or 0.4 per cent; for the 500 ohms resistance—0.1 ohm or 0. 


d the 


d on 


;1] be 
1 vill 
ammeter, the resistance R’ = calculated from these readings (dme 
m 1 
equal to the total resistance of the Section in the circuit bb 
measurements are made usi 


tion c^ 
S ng (a) and to the resistance of the sec b 
When measuring by (b), ie. i 


; e 
9^ it will be related to the resistanc 
^ Ri = 
in the first case and by =R ERa 


a) the 


e fact that in the first case (s sub- 


r 
© voltmeter is not subtracted 
the rea Ings of the ammeter. Th 


r erefore, the resistance R 
f Teadings of the inst; 
larger and in the second c; 


the 
rm an increasing share of y y 
j circuit will produce incre urrent 
larger relative errors. When the resistance ig reduced in (b) the C f the 
taken by the voltmeter diminishes, The err 
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ammeter and therefore the relative error in the calculation will also 


iminish. 
The circuit (b) is more effective for low resistances and (a) for 


higher ones. 
376. V — 51.2 V. 
Solution. The resistance of the section 


Rohs 
Ro+ 2R; 


The current flowing through the potentiometer is 


—- 
= FRR. 


AB is 


R= 


The voltage taken from the potentiometer is 


QR, 
pas —512 V 
v=IR=R j4 1.2 


377. By 10.4 V. 
Solution. The resistances of the lamp and the appliance are 
ys DA. 
Ry=7y, = 240 ohms and R:= Ne =60 ohms 
ae proiatance of the circuit before and after the appliance is switched 


RR 
R' = Ry-+ R,— 246 ohms and R”=Rọ+ Faith =54 ohms 


uit before and after the applianc 


o is switched 


The current in the circ 
on is 
B D 


y= 048 A, 


Hen 


=z 
The voltage drop in the wires is 3 
Vj—I,Ro—2.9 V and Fig. 296 
V;—IR—1338 V 
378, s — 2702! , 
Vi p2l 


Note. The resistance of the input wires is R = ^g 

379. Th t will flow since the potentials of the conductors 
AB and Lin ont erent: The directions d all the currents which flow 
are shown in Fig. 296. The otentials at the points 4, B, C and D 
will change. The potential ifference between the points A and C, 
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sE 
3 t the poin ie 
and also between B and D, will diminish. The patentini aa the e 
will be lower than the otential at the points tentials at the po! 
tial at the point K will be greater than the po Ivanometet 
" a 
ur If the bridge is in balance the edge the g te at the 
will be the same whether the switch is open T The potentials. uctor 
Solution. The bridge is not in balance. 1 losed the con will 
points A and B are different. When the switch is oe) the currents VÀ. 
B will carry a current and the entire Mm en to a change in tio 
e altered in the circuit. This will be pee flowing throug alva- 
total resistance of the circuit and in the curren adings of the g 
element. When the switch is open or closed the re: d 
nometer in an unbalanced System will change. the points 4 arent 
e bridge is in balance. The potentials at. it and the C 
are the same, The distribution of currents in the circu 


sitio? 
r the po 

f (DE through the element will be the same whateve 
9f the switch, 


381. Lenz's unit for e.m.f. is equal to 0.38 V. 
382. 6 A. 
Solution., The i 


-— 
osed C! 
nternal resistance of the battery for a cl 

can be found from Ohm's law 


T MENT —1 ohm 
m 
The Short-circuit current will be 
tS 6 A 
383. It will not. 


ya hms. 
Solution. The resistance of the lamp R= v” 202 0 
The current 


lamp and 
produced in the circuit composed of the 
battery is 


V=IR=93y the nor? 
i.e., it is 17 y lower than thi 1 ding to t 
intensity of the lamp. Th lamp will eot p vn full intensity 
e same result can be 


wine 
i nt flo ap 
d by comparing the curre e la 

d the dieni needed for thi 
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In the second case 


$ — Ij +7) 


à The e.m.f. and the internal resistance of the s 
etermined by solving these equations. 
385. 6, = 4.7 V. M" : 
Solution. If R is the total resistance of the circuit, 6, is the e.m.f. 
of the storage battery and E is the e.m.f. of the element, the current 
in the cirevit in the first case can be determi ed from the equation 


torage battery are 


ILR = b+ 62 
and in the second case from 
= $,— 8 
Hence, arem i 
I+ 
g= Tyla ká 


386. $,- I $4 —0.86 V- — 
in mind that when the 
m 385. Dem rent and the e.m.f. 


Note. oso luti roble: 
See the solution to P osition p 


Storage battery and the cell are in 0 i B 
s the storage battery will have unlike signs and the Ohm's law equa 
ion for this case will take the form: 

IR = 62 — 6s 


387. v=o x E 
yak n 148 V 


T 
388. 8, = 1.8 V. 

Soluti : „f. of the cell and the storage batte 
currents pde d other in the section of the potenti en 
Obviously, the current in the galvanomete cirok Set 
When the potential difference V set up at t pon of the eal storage 
by the cell becomes equal in magnitude to the e.m.f. 

attery, i.e., 
de he gal 
i is taken by the galvano- 
in balance no eed ‘that the increase 1n the 
b os e otentiometer is proportional 
B, i-e 


When the circuit is 
IE Therefore, 1t may th 
entials at different points A 
to the increase in the resistance of the section 

V 


me 
y, H 


Hence, 


" 
v=} yo and $.— V 
osition of equilibrium 


389. 39.5 ohms. "— m the 
Solution. When te slide is shift it will te determined by the 


the current in the galvano 
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294 ANSWERS AND SOLUTIONS ^ 1 —— 
for the first case and 


$ — V, = I, and V; = Izr 
for the second case. 
Solving these equations we find that 


Ve Vdr gg ViVs(ra—rü 
n= Vir2—riV2 ' Virz—riV2 


396. V = 3.2 V; I, = 1.6 A; Ip = 0.4 Auris 
Solution. The resistance of the external circuit is 


R=- -=1.6 ohms 
The current iio 
6 
mir (Pr aa 


The voltage drop in the external circuit 


V=IR=3.2V 
397. In each group there should be m = 3 storage batterie 
nected in series; 7 = 10 A. jes i groups 
Solution. If m Storage batteries are connected in series in 1t the 
the resistance and the e.m.. of each group will be mro and mo N 
E n 
total number of the Storage batteries is N, one battery will conta! p^ 
: a 
groups, and the resistance and the e.m.f. of the battery will Bern 
and m$, respectively *g law 
A Mg "1 ž 8 
"m urrent in the circuit can be determined from the Qum 


s con" 


on m and is const; R me 
s ae Hed a NR) the values of the denom gn 
will be smellest when its terms P 


or, in other words, when the intern i beco? 
equal to the resistance of the extera] tance ETE 
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Therefore, 


Will correspond to the minimum denominator and, hence, to the 
maximum current in the circuit. 
398. n— zi Mm. 
Note. See the lutian to Problem 397. 
The resistance of the group is E , the number of groups is n — 


and the resistance and the e.m.f. of the battery is 


No 
tt eas 


; m= 


N 
m 


With any value of m the current in the circuit is 
NEo 


399. Number of storage batteries is 160. The battery should be com- 
peed of 40 groups pesi aa in series. In each group four storage 
atteries are connected in parallel. a 

Solution. The current peodneed by the compound battery is equal 

(see the solution to Problem 398) to 
r= a 

To R 

m T 
., A batter ill produce the maximum current when 
it is composed i meh aay tn its internal resistance is equal to 
; 18 resistance of the external circuit (see the solution to Problem 397), 
1e., when in the denominator of equation (1) 


Ato mn (2) 
m 
Solvi i imultaneously for N and m we 
find sping equations (1) and (2) simultan y 
4roRI 
N=—2— = 160 
0 
Ni 
m= zx =4 


of a and m calculated in this manner determine the minimum number 
e 


b Storage batteries that should be taken and also how they should 
9 connected 
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+ 6=12 V. is cut into 
pins Ia source of current with an e.m.f. gh determined 
a section of a circuit, the current in this section l difference applie 
by the joint action of this e.m.f: and the potential di ail 
to the ends of the section. . in Fig. 297° 
The storage battery is connected for charging as nd inpe Ohm 3 
The current flows in the opposite direction to the e.m.f. ircuit with 
law equation for the section of a i $= IR 
storage battery may be written as V — 

Hence, 6 = V — IR. 

401. R — 1 ohm. 


T ion for a Se" 
lution. The Ohm's law equation n aux 
arde ‘cirouit with a storage battery and & 
& iliary resistance R will be 
V—'6-—I(r4 R) 
Hence, 
Fig. 297 V—6—Ir 


the 
that current does not flow through the nos ual 
potential differe; poles of the dynamo show 
to the e.m.f. of the battery, i 


olta” 
» i.e., V = 8, or, in other words, the V 
the dynamo ’should be 


(4) 
Ir= $,— 62 pt 
" e 
Utilizing the equation V = 8, and knowing that the entire orit? 
Produced by the dynamo passes through the resistance Ro we Ma 2 
IR, = $5 
It follows from equations (4) and (2) that 
Gor 
Ro= — 
0 GG 5.5 ohms 


403. 5 A, - 
from ‘equations’? Voltage supplied by the charging plant can be 


V-—@= Ir 


V-—3; 4 ne— 110 V 
The current at the end of Charging is 
I= Y— $9. - 


—=5 A 


CHAPTER II. ELECTRIGITY 255 


24. Thermal Effeet of Current. Power 


404. t — 1.42 s. 

A t — 4 min 40.6 s. 

N ote. Uso Ghee ha to determine the currents in the circuit before 
and after the shunt is switched on and calculate by the Joule-Lenz 
law the amount of heat liberated in the heater in both cases.. 

407. 40; 45; 37 W; 33; 50; 71 per cent. 


SL deg ag E 
Solution. The current in the circuit is I— RIT 
Th 2R — Lan 
e useful power N —I SRF 


$2 
Tho total power developed by the battery No=8I = RYrc 


The efficiency Fe Rui a 

The growth in the external resistance simultaneously reduces both 
the tota power developed by the battery and the losses due to the 
liberation of heat by the internal resistance of the battery. In this 
case the losses diminish at a faster rate than the total power, . 

hen the resistances are high the change in the useful power is 
affected primarily by the reduction in the total power of the battery. 
n the case of low resistances, the greater part is played by the reduc- 
tion in the losses. For this reason, when a low resistance cut into the 
external circuit is increased, the useful power grows despite the drop 
ìn the total power. 


he battery gives the maximum useful power when the external 
and internal resistances are equal. 
* Z — pn 


Solution. Assume that the internal resista 


nce of one cell is equal 
9 r, its electromotive force is Eo and the resistance of a unit lengt; 
of the wire is Ry. 


en, after the wire of length 1 is connected, the circuit will c. 
urrent 


n'$o 
nr-J-lR, 
Every second an amount of heat 


n- 


243 
=s JIR, ——_" So 
Shim ae Ryl 


Will be liberated in the wire and an amount of heat 
Q n265 

d ar FIR) i 

on each unit length of the wire. 


a= 
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t 
" P e amouD 
When a wire of length pl and z cells are switche. in, th 
of heat liberated on each unit of wire length wi 


2262 
BECES EE 
When boi 


f 
it length ? 
th wires are heated to the same degree, à unit 
each should evolve the same amount of heat, i.e., 


ng 2B 
(nr +-LRy)? (arf ply)? 
403. 05 ^W; Loh per cent is 
409. W; 15.4 per cent. r 
Solution. The suut flowing through the storage battery 
ies 
T 


G2 n 


=5 A 
The power consumed by the plant is 
N,— VI —65W 
The power expended to heat the storage battery is 
N;— DPR-10W 


r 
410. N, = 1,100 W; 82 per cent. . ; the pow? 
Note. The ower consumed by the motor is Ni = PN and the 
expended to ix the windings of the motor is N; — N, — Na 
Piy onyeted into mechanical energy is Ns = Ni 


441. 45 min; 10 min. d coils 
Solution, If ry and T2 are the resistances of the first and secon! 
and V is the mains vol; 


e 
tage, the amount of heat liberated will b 


-— 
Hence, 


T2 
D 4 14 
2 d 2 


In the case of a Series connectio: 
heater will be T3 = 


+, kettle 
n the resistance of the electric ke d 
71 + re and th 
from the equation 


jne 
e time of heating can be determ 


V?tg V?t, 
= L— 
" Tar; T; 
1.0., 
A NGA 
ndr. Ti 
or 


5T 
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In the case of parallel connection of the coils 


o V2tq (ra +r) _ V?t4 
B ryr2 ri 
2 
Hence, t= TIL t= imi. 
442. The resittanc: he wire becomes markedly 
: Stance of the cooled part of the wire 
as, than aay resistance of the part that is not cooled and the current 
Ugly grows in the circuit. 
he, Since the same current is passed through both parts, most of the 
at will begin to evolve from the uncooled portion of the wire. 


^13. t= S148? (T. To) 4 og s 

I?p t 
I?pst — Cid4Sips 
CdS} — Cid,Sipi 


thing ot The amount of heat liberated from each centimeter of the 
s 


T3— To= 


(T.—To)=0.1° 


The amount of heat necessary to heat this wire to its melting point is 
Q = CdS; (Tı — To) 
tig e heating of copper wire can be calculated from the same equa- 


A4. C — 0.59 cal/g.de ; 
Soluti "Rag ena f each of the wires and I is the 
current, the LIE ef heer Met in the calorimeters will be the 
© and equal to 
Q= Rt 


The th i for the calorimeter and water shows 
that = puru Motto quads du of the water. In the calorimeter 
Which contains the liquid, Q = CmATs. 


Hence, c = 471 — 0.59 cal/g -deg 
415. More heat will be evolved in the steel wire for a series connec- 
d 


n and for a parallel one more in the copper wire. 
416. It will To reduced by a factor of 2.25. 


417. Ro=V R4R;. 


tio 


25. Permanent Magnets 


418. m= E ~ 620 cgs electromagnetic units; m; — 1,240 cgs 
leectromagnetic units. 


17-1325 
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Eo. 3 : tic unit. 
= æ 0.36 cgs electromagne 
419. H=m (ape g 


i al 
i i int A will be equ 
ion. The intensity of the field at the poin diy Les 
to de dione the intensities set up by each pole separately 
m m 
H-—H-Hi— gp ar 


i towards 
The vector H will be directed along the axis of the magnet 
the south pole. 


. m zz 65 cgs electromagnetic units. n ay He Hi = 
cmd. The [ees between the near like poles will 
2 


= —. Since a th ti A will to 
2* i «1, e interaction of the like remote poles 
a 


2 r Fs = 
a good approximation be F, = 7 and that of the unlike poles 


412 e 
=“ 
Fa 0,001 
F; 
and 
Fs_@ 0.004 
i nani- 
Fig. 298 The forces F; and F3 are infi 


1 h 
tely small as compared W ag- 
forte F, and therefore the m 
netic masses can be determined wit 


ura- 
h a sufficient degree of ace 
cy from the force F, assuming F, =P, i.e., 


m=VPa—a VP x65 cgs electromagnetic units - 

, 421. Hy = 0.5 cgs electromagnetic unit; Hy = 1 cgs electromag 

tic unit; H = 1.12 cgs electromagnetic units. forces 
Solution. The magnetic needle will be acted A by two 

tending to turn it (Fig. 298), their moments are: t 

force due to the te 


F.2l = mH,21 à 

n 
and the moment, produced by the load suspended from the needle 2 
equal to PI. 


The condition for equilibrium of the needle will be 
mH,2l = pi 

P 

Hence, H, = 5- = 0.5 ogs electromagnetic unit, 


The horizontal component and t 


jal 
he total intensity of the terrestr! 
magnetic field can be found from the equation 


H,=Hypcota and H= HH} 
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422. Solution. At distances equal to the length of the magnetic 
Peedle the terrestrial magnetic field of the Earth is practically uniform, 
Le., its intensity remains constant both in magnitude and direction. 
men reason, the terrestrial magnetic field acting on the magnetic 


can only give rise to rotating moments and fails to set up any 
resultant, other than zero. 


7 The field of a permanent magnet is heterogeneous at distances equal 
? the length of the needle 


and changes appreciably. The intensity of 

Tin field at one end of the needle is stronger than at the other. There- 

ee field of the magnet acting on the needle sets up a resultant force 
is 


moti not equal to zero and causes both rotational and translational 
9tion of the needle. 


Fig. 299 


Fig. 300 


423. The bars should be placed as shown in Fig. 299. If the bar A 
S made of soft iron it will not attract the bar B. 


424. P Bn a~ 0.36 dyn. 
Size 5 Vbiz 
alus 
‘its, ution, T 


e poles of the magnet will act with forces P, and F} 
ected as shown in Fig. 300 and equal to 


m 


Fy=F,= 
^ cw vm 


The position and magnitude of the resultant can easily be found 
m simple geometrical considerations. 
425. lf the needle is arranged in the plane perpendicular to the 
Magnetic meridian it will take a vertical position. 

€ direction of the magne’ 


€ tic meridian can be found if the instru- 
ment is revolved around a vertical axis to determine the position in 
Which the needle will be vertical. In this case the magnetic meridian 
Will coincide in direction with the axis of rotation of the needle. 

426. At first the needles will be drawn apart since the magnet sets 
up like magnetic poles at the lower ends of the needles which repel 
each other. When the magnet is brought sufficiently close the interac- 
ue 


fro 
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" " een 
tion between the magnet and each of the needles will exceed that M 
the needles which will then sink being attracted to the magnet. 


> à art 
After the magnet is removed the needles will again be drawn aP 
due to the residual magnetisation. 


427. m zz 6.5 cgs electromagnetic units. ` on 
Solution. Let us consider one of the needles. It will be pep 
by the weight P acting through the centre of gravity B and t 


r 2 E the 
action of the magnetic poles F — A (Fig. 301) acting through 


i ents 
Point A. For the needle to be in equilibrium the sum of the mor dle 
of the forces acting on the 
should be equal to zero, i.e. 


a 
pista SoH cos 3 


2 2 
a 
p m? cos > 
or = sin $= 
412 sin? * 


428. F ~ 60 gf; m 


zs " : equilibri- 
um is stable, & 406 cgs electromagnetic units. The eq 
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(Fig. 302). It follows from the condition of equilibrium that 


m? cos -- 
P 2 
— cos Qj ————— — 
a 412 sin? $ 


and therefore the magnetic masses of the poles of the magnets will be 


=Isi a 2P cosa 
m= cae RA 
2 


429. M = PH sina. 
th Solution. Each of the poles of the needle will be acted upon from 
€ side of the magnetic field bya force F — mH which with the needle 


Fig. 304 Fig. 305 


in the position shown in Fig. 303 has a rotational moment 
Fe sias d mitisina 


2 2 
wil, rotational moment of the couple of forces acting on the needle 
e 


M = mlH sina = PH sin a 


430. x æ 0.05 mm. 
z Solution. If x is the distance from the point of support to the centre 


a gravity of the needle (Fig. 304), the condition of equilibrium of the 
eedle may be written as 


hence Qr = PH, 
_ PH, 
EC 


$1. M = pm sin a. 
olution. The moments of the forces acting upon each pole of th 
needle will be equal (Fig. 305) to p p : 


mH (l + L) sina 


262 


ANSWERS AND SOLUTIONS 


and 


—mHL sin a 


Hence, the total moment of the force acting on the bar is 


432, Py— 


M = mHl sina = PH sinc 
P 


m-———— 


T° 


i- 
.. 494. The arrangement shown in Fig. 306b corresponds to mro. 
tion of unstable equilibrium and that in Fig. 306a to stable equili 


+ 
3 
T 
+ 
+ 


(a) (b) 
Fig. 306 


In the second 
er, the “strength” of the chain 


435. Upon contact with plate B, part of the miis 
netic lines of force are short-circuited throug force 
plate (Fig. 307). The number of the lines 0 resu 
penetrating plate A sharply decreases. AS a A also 
the interaction between the magnet and plate 
decreases and the latter drops. ic lines 

436. In the second case most of the magnets, TO 
of force are short-circuited inside the part of t1 nol; 
adjoining the magnet. (Fig. 308) and the rod he first 
therefore, be magnetized as intensely as in t 
case, net is 
437. In the first case, as the lower mag one 
brought nearer, the cylinders will be detache low- 
after another from the chain and attracted to the 
er magnet. 


" " ]o8- 
fase, when the pole of the opposite sign is drawn is 
will increase as the lower mag 
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of detachment an e.m.f. is induced in the coil due to the reduction 
in the number of the lines of force. g : 

439. (a) The bar will be magnetized due to the action of the vertical 
Component of the terrestrial magnetic field and the magnetic needle 
Will be attracted as it is brought near the ends of the bar. . 

(b) The bar will be magnetized by the action of the horizontal 
Component of the terrestrial magnetic field. The magnetic needle will 
always turn towards the nearest end of the bar. : 

(c) The bar will not be magnetized by the magnetic field of the 
Earth and the needle will not change its position when the bar is 

Tought close. i 

Tt is assumed in all the three cases that when the needle is brought 
Close to the bar the distance between them is still large enough for 
kag additional magnetization of the bar due to the external magnetic 
teld of the needle to be neglected. 2 
i the bar is turned, the behaviour of the needle will not change 
n any of the three cases. " s 

440. Iron loses its magnetic properties at quite a high temperature 
and behaves as any other non-magnetic substance (copper, glass, etc.). 

en the nail is heated in the flame of a burner to this temperature 
the interaction of the magnet and the nail abruptly decreases, ino nail 
Teturns to the initial position, leaves the flame and gets poot The 
magnetic properties of the nail thus cooled are regained, t a areen 
9I interaction between the nail and the magnet increase and the nai 
ts again Ea to the magnet, v 

41. See the solution to Problem 440. : " 

The impeller rotates because the force of attraction acting on the 
rods which are still outside of the flame of the burner is much larger 

an the forces acting on the hot rods or just 
emerging from the flame. 


26. Magnetic Field of a Current 


442. See Fig. 309. 
ote. Since the intensity of the magnetic 
field of rectilinear current diminishes in pro- 
Portion to r the lines of force will be closer 
together near the conductor and spaced 


T 


further apart at some distance away from Fig. 309 
443. H — Pu: cgs electromagnetic unit; P — 0.4 dyn. 
2 
444. = — 
44. H n 


Solution. In order to derive the formula, calculate the work done 
by the magnetic field forces over the circuit enclosed by the sections of 
the radii drawn from the line of the current and the arcs of the concen- 
tric circles—the lines of force of the field. This calculation (see th 
Solution to Problem 339) gives us e 

dp Re. 
H) R, 
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Since, when Ro=1, Hy=0.21, it follows that 


0.27 
R 


-calTy~ 
445. The current should flow from west to east. e ideis 3 
ing conductor should pass at a distance R = 5 cm be ow t A to have 
Solution. For the resultant magnetic field at the poin the current 
the vector H directed vertically the magnetic field o Si of 
should completely cem pensate for the horizontal compon 
t 


H= 


errestrial magnetic fie d, i.e., 
0.21 
Hy——. 
Hence, 0.21 
R= Ty, 


d 0.27 49cm 
446. The point will be located at a distance R Vie Hs ne 
7 u 
in the northern hemisphere above and to the north of the Conductor: 
and in the southern hemisphere above and to the south of od ctor t 
The direction from the con id make 
North y the point B will in both. eal such 
c = an angle œ with the horizon 


Bh na 
that tana = Tg. =? 


Note. In the ‘case considered f 
the problem the magnetic aa 
current should omple com Fart: 
for the magnetic field of t y of the 
The vector for the intensi Y 
terrestrial magnetic field is eq ange 

H = V Hi--H and makes m that 
Fig. 310 le a with the horizontal suc 
tan a= 2h 


] to 


Obviously, the ; 
should have the p 


A ^ . and pass at the same angle to 
447. H — Q^ the opposite direction (Fig, 310). 


f "i 

s : x „owing along the pipe may be regardo 

as the sum of man ! linear currents uniformly distrib x 
e pipe. Correspondingly, the intensity of the f the 

Y point in s ace may be Considered as the sum 0 

established by such linear currents. 

SS Section of i 
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rectly proportional to S, and Sz, in other words =! . But S, 
and S, are proportional to the distances from the point A and therefore 
TE. The intensity of the magnetic field created by each of 
these elements at the point A can be calculated from the formula 
i the magnetic field of rectilinear current, 


» ve Som 
H= ER ui dion BAR 
Hence, i : 
din We Ra =1 
Hy Ry ds 


ie., Hi = Ha or Hi — Hz = 0. 
laia by this method it is possible to 
a a for each element of the cross section 
th e pipe another corresponding element 
ti at completely compensates for the magne- 5 
i c field of the first element at the point A, 

e resultant magnetic field of the current Fig. 344 

owing along the pipe will be zero at any Eg. 
Point inside the pipe. 

448. The intensity will be equal to that of the magnetic field set 

up by the current flowing along the axis of the cable in the inner con- 


ductor, i.e., H = DE (see Problem 447). 
0.21m 


2nR —0.4nIm — 12.6 ergs. 


449. A—FS—mH x 2nR= 


The work done by the magnetic field forces when the pole m is 
Passed along a closed circuit depends only on the intensities of the 
Currents penetrating the area confined within this circuit, and does 


field the source of e.m.f.'s acting in the circuit of the current spends 
Only some of its energy in producing Joule heat, the rest being convert- 
ed into mechanical work done by the magnetic field. The machine 
ui stop as soon as the store of energy of the current source is exhaust- 


451. F=0. 

Solution. All the elements of current in the branching are com- 
pletely symmetrical with respect to the point O. Each element A (Fig. 312) 
Corresponds to another element B para lel to A with the same direction 
of current and which is the same distance away from O, but situated 
on the other side of it. The intensities of the magnetic field produced 

y the elements A and B at the point O will be equal in magnitude 
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se s " š er 
n Opposite in direction and, as they are added up, cancel each oth 
out. 


452. The cork will first turn so that the plane of the wire is per 
E x to He mReney and then it will approach the magnet. 
: F = 0.3 dyn. z i 
454. The electric charges moving together with the disk set b bes 
the surrounding Space a magnetic field similar to that of a eTO ape 
current. The lines of force of this field aboy il 
disk will be perpendicular to the plane o will 
drawing, behind it. The magnetic needle 
turn clockwise (if viewed from below). 
j 455. tana = 2d —0314 a=17°24". d 
h- H 
Solution. The magnetic needle is "e 
Upon by two magnetic fields: the horiz® A 
8 and ppuent of the terrestrial magnetic field 4^ 
and the magnetic field of the current H¢- gum 
needle always arranges itself so that the err 
of the rotating moments generated by 
fields is equal to zero. The sum of the mo 


ments 


he 
Will be equal to zero if the resultant of o 
" forces is directed along the needle (Fig. 
Fig. 312 ie, if 


" " c " e 
Since we are given that the needle is small and is arranged in tr 


I 


Fig. 313 MN 
ig. 


ld 
of the current acting on the nasunod that the intensity of the fie 


centre of the circle, it ma 


H.— Sint 
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(see Problem 453). Hence, 


0.277 
tan & = H,R 
456. singe. 1 — _ age, 


h 

Solution. When the circle turns through an angle a so also does 
the intensity vector of the magnetic field of current H, (Fig. 314). 
Or the needle to lie in the plane of the circle after rotation, this plane 
Should accommodate vector H—the intensity of the resultant field 
formed by the summation of the magnetic fields of the Earth and the 
Current. Since H, is always perpendicular to the plane of the circle 
With current it follows from simple geometrical considerations that 


H= He and H=H),cosa 
tana 


Hence, 


H, "WEN: 
T= Haicosa or sina= 
tana 


497. H= 50.4 oersteds. 


c 


Hy 


27. Forces Acting in a Magnetic Field 
wrent-Carrying Conductors 


458. The conductor will first turn counterclockwise in a horizontal 
Plane (if viewed from the top) and will then go down. : 
;4'0fe. The lines of force o the magnetic field at the point A 


line of current. 


s he nature of motion of the conductor can be determined by apply- 
Ing the left-hand rule consecutively to the sections of the conductor 
Joining the points A, O and B. 
in a he conductor will wind itself around the magnet as shown 
lg. 316. 
irecte In order to determine how the conductor moves, find the 
aection of the lines of force in the sections adjoining the points 4 


and apply the left-hand rule to establish the direction of motion 
9f these sections. 


agnetic field of current I, on 
s Iz adjoining the points A, O and B (Fig. 317). 
.F=0 


Solution. The lines of forc 


e of the magnetic field of ¢ 
Concentric circles, The current 7, Passes along one of these linge"? 
o: 


18 
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force. For this reas 
All the elements of 
where in direction 


Fig. 315 


Set up by the current 7 
upon by any forces fro 


- The end 


Fig. 317 


of the spring wil] 


ti 
on the magnetic field will not act on the ds every- 
the conductor with current Iz also coin tie fis 
with the axial line of force of the mag 


\ 
I M \ 
i EAN 
LT Vll 
FE ET 
it] Vil 
TY d r4] 
EE M 
IM. Ei 
n 
Fd 
n Hia 
VA 4 r4 
IB til 
1X4 Iil 
tit IJ] 
un WE 
MM H1 
NC Aff 

NNT Oa 

N H 

JT 
Fig. 316 


P 1 acted 
1- Likewise, the current J, will not be 


© side of the magnetic field. 


A jons: 
perform periodic oscillating mot sed 
olution. When the circuit ‘the same 
each coil of the spring will, in up _its 
Way as circulating current, nm adja- 
own magnetic field and attract t ressed 
cent coils. The s ring will be comyrcury: 
and its lower end will leave the m upted: 

he current circuit will be interrUP' the 
the magnetic field will vanish omit AS 
spring will then straighten itself touches 
Soon as the end of the spring “1 be 


the mercury the entire process W1 
repeated again. 


long a circumference. ed 
ion. H eam of moving coherent 
Particles is similar to a certain city g 
1 Daving the direction of the veloci e of 
of the particles, If the lines of m the 
< magnetic field are directed towar ving 
observer (Fig. 318) the particles mo" ^ 
with a velocity v will be acted uP 


CHAPTER III. ELECTRICITY 269 


from the side of the field by the force F directed perpendicularly 
to the velocity v and distorting the path of the particles (apply the left- 
hand rule to find the direction of the force), — . 

Since we are given that the magnetic field is uniform, the force F 
Will be constant in magnitude and. impart centripetal accelerations a 
which are also constant in magnitude to the particles. It follows from 
the fact that the velocity of the particles and the centripetal accelera- 

lon is constant, the radius of curvature of the path of the particles 


X ow ow d 

at . LI . 
| 

Bu wx sk x x 
Fig. 318 


2 
should everywhere be constant to (475). ie. the path should be 
circular, 


464. The conductor CD will first move upwards along the conductor 
AB, turning at the same time as shown in Fig. 319, and then will move 
away from it. 

Solution. The direction of motion of 8 
Sach element in the conductor CD can I 
be found from the left-hand rule. Since it ^ 
I5 given that the conductor is uniform its 
Centre of gravity will lie at the point O. 

e intensity of the magnetic field 
at the point C will be greater than at 
e point D (see Problems 442, 444). 
arger: forces will act on the elements 
adjoining the point C from the side of 
© magnetic field than on the identical A 
Stements in contact with the point D. . 
The point of application of the resultant Fig. 320 
of all the forces acting on the conductor 
CD will lie to the left of its centre of gravity. Therefore 
ductor CD moves up it will at th 
Wise around the point OQ. 
465. See Fig. 320 and the solution to Problem 464. 
. 466. They will turn and set themselves parallel so that the direc- 
tions s e esinta owing in em, are the same. 
+ The ring will be attracted to t| e magnet, fit itself r i 
and move along, stopping at the neutral line, In this case the ieee 


i I ; as the con- 
ne same time begin to revolve clock- 
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ill coincide 
of the lines of force of the magnetic field of the current will c : 
ith the lines of force of the magnet field. t roun 

= 468. The ring will jump off the magnet, turn over and fi 
the magnet with its other side foremost. i 
469. The disk will begin to rotate clockwise. it will tend 
470. If the initial position of the frame is rein ig i rectilinear 
to turn and set itself in the plane passing throug f the frame clo- 
conductor so that the direction of current in the side o 


| Reis t in the 
sest to the conductor coincides with the direction of curren 
rectilinear conductor. 


471. See Fig. 321. 


A e of the 
e forces Fy and Fz will reach maximum when m ne become 
frame is perpendicular to the magnetic lines of force. The 


Fig. 321 " 
; lin 
ot 1 when the plane of the frame lies in the same direction as the 
of force. 


ition show? 
. AS soon as the frame turns through 180° from the position g will 
in Fig. 321 the forces F, and F, will reverse their directions 


es axis 
end to compress the frame along it 
of rotation, 


28, Electromagnetic Induction 


472. See Fig. 322, C tod: 

473. The current will flow from the con- 

When the direction of motion of ent i$ 
ductor is changed the induction curr 
reversed, above 

474. If the conductor is arranged A yest 
the magnet and the latter is turne 
Wards, the cond en. 
from north to south. If the magnet is turned eastwards, the CUT s 
will flow from south to north. If the conductor is under the mae D 
the current will flow from south to north in the first case and 
north to south in the second. 
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. 476. When the conductors are moved towards each other the direc- 
tion of the current induced in the second one will be opposite to the 
direction of the current J. If the conductors are drawn apart, the direc- 
tions of the currents will coincide. N 

477. The current will flow counterclockwise. 

478. As it passes through the position A the current will flow 
counterclockwise. When passing through the position B there will be 
no induced current. In the case of the position C the current will flow 
clockwise. . . 

479. As the pendulum oscillates, the periodic changes in the area 
enclosed by the circuit will induce currents in the latter. The induced 
Currents will be directed so that their magnetic field compensates for 
the change in the flux of the magnetic lines of force penetrating the 
area of the circuit. 

When the pendulum swings so as to increase the area enclosed by 
the circuit the current will flow counterclockwise, and if the motion 
is such as to decrease the area enclosed by the circuit, the current 
will be clockwise. The interaction of the magnetic field of induced 
Currents with the field of a permanent magnet will further damp the 
Oscillations of the pendulum. : i " 

_ 480. An e.m.f. will be induced because the introduction of the wire 
into the space between the poles of the magnet will change the number 
9f the magnetic lines of force passing through the area enclosed by the 
Circuit. N " 

481. The potentials at the ends of the wings will be different. 

..1f the aircraft flies in any other direction the potential difference 
will not change its value because it depends aly on the vertical com- 

Ponent of the terrestrial magnetic field and on the horizontal velocity 


of the aircraft. g 
482. The e.m.f. will be minimum when the frame arranges itself 


in the plane passing through the rectilinear conductor. _ B 
The maximum e.m.f. will be induced when the frame is perpendi- 


cular to this plane. 
483. There will be no current. 
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29. The Nature of Light 


484. } — Ay = 250 millimicrons. 
Solution. The wavelength of red light in vacuum will be A= £ 
v 


and the velocity of these rays in glass will be v =< , 
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v 

om 

1—n 
x . 


The wavelength of red light in glass is A= 


The change in the wavelength is M—A——. 


485. y= =2 X 1010 cm/s; vg = =1.95 x 1019 cm/s. 
1 


2 

486. v > 2 X 101? cm/s. j ce 

487. Coloured bands in thin films are caused by the interfer 
of light waves reflected from the upper and lower boundaries longer 
film. A wave reflected from the lower ee ae should traverse a eason 
path than a wave reflected from the upper boundary. For this. vd the 
the wave reflected from the lower boni day lags in phase bein ress- 
wave reflected from the upper boundary. The amount of this lag eD o 
ed in terms of the length of a light wave depends on the thickn 


2 es 
the film at the point of reflection and on the length of the light wav 
in the film. 


i 1 will 
Upon reflection, the waves corresponding to various colours 


-at the 
q equal to an odd number of half-waves 2* ^. 
points of various thickness! At each given point in the film the n 
1 ; ys will damp some colours of the Spi 
aad intensify others. Ther 
i 


d from 


1 ed 
ecome identical (both waves are reflect 


ly denser i i i T 
rings in the rellena "pcc eod dark 3p Jil 


> before the space between the the 
a eee Er RE displaced and their width altered in © 


: leaving the fil ill have a pê 

difference equal to half the l Me E the film will ha telY 

damp each other in the case ‘of hee En Var aemp 
491. E = 3.34 x 10-13 erg. j 
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Solution. The surface of the Earth receives the entire quantity 
of light coming from the Sun inside a solid angle formed by the circle 
equal to the area of the cross section of the globe. The total energy 
absorbed by the Earth is E = nR? X 1.9 cal where R = 6,400 km 
is the radius of the Earth. " 

The force of the sunrays on the Earth, + they are completely ab- 


Sorbed by the terrestrial surface, is F = rx 


494. r=4 68x 40-8 dyn. 


Note. See Problem 493. . "EM 

495. Note. The quantity of light from the Sun incident on ate 
area S is proportional to the solid angle which this area makes wit 
the Sun. As the area is moved aney this angle diminishes in proportion 
to the square of the distance of the area from the Sun. Accordingly, 
the quantity of light falling on the area and therefore the force exerted 
by the light should also diminish in proportion to the square of the 
distance as the area is moved away. 


30. Fundamentals of Photometry 


496. h — 1 m. 

497. By 40,000 times; 160,000 Ix. 

4 z m 25 Ix 
98. Solution. E= zz Cosa = 4a " 
499. 1 — 55 m. 


Note. The illumination provided by one lamp on the ground at 
a distance a= + will be 


Ih 


E 
"a (h2 4. a2)3/2 


Hence, 


ac V (20 Y? oos m 


500. The illumination will be V3 times 


greater at the point C than at the Fig. 323 
point B. 
Solution. The illumination at the point B is 
I 
E= 
and at the point C 
p,— 195a 


72 
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From triangle ABC (Fig. 323) 


r — AC — 2R cos p 
where D is the angle at the vertex A. Therefore 


Eo cosa 
N= cos? B 
When o =  — 45° x 
Ey=E) V2 
501. E = 5 lx. 
502. E — ae and is the same for both sides. 


4 an- 
., 503. The illumination of a plate in a camera depends on the qua’ 
tity of light passed throu; 


a gh the lens and on the ratio of the a plate. 
the object being Photographed to the area of its image on 


Fig. 324 


j ional 
assing through the lens is propor t 
ens makes with the point o he lens 
to the area of the aperture of t from the 
9 the square of the distance a1 


The quantity of light 
to the solid angle which dio] 
l.e., it is directly proportional 
and is inversely proportional t 


Fig. 325 


so of 
n object to those of the i i 1 to the ratio 
the distances of the object and the image to a pairs lens (Fig 325 
an Ades AS e object c, is related to the area 0: " rom 
2 e of the dist i a 
the lens, i.e., stances of the object and the imag 
St a 
Oz BC " 
. Comparing the results obtained, we find the illumination of 
image 
keQm S d sg 
92 aj oj ap 
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i.e., the illumination of the image in the camera is inversely propor. 
tional to the square of the distance from the lens to the image. 

The image of a distant object is closer to the lens than that of an 
object located nearby. Hence, the illumination of the image of a dis- 
tant object will always be greater than that of the image of a near ob- 
ject. In the first case (near object).a longer exposure is required than 
in the second case. 


504. 1 ~ 4 per cent. ' E E 

The quantity of light emitted by the lamp is approximately equal 
to two joules = 2 x 107 ergs. 

505. Q = 2.4 x 1015 kcal; 0.441 x 10-? of all the energy of the 
light emission from the Sun; the total amount of energy received by 
the Earth is 0.22 of the energy received by Jupiter. | 

Solution. The amount of energy received by the Earth is 


Qi = nrigi 


Where xr? is the cross-sectional area of the Earth. 


The ratio of Q to the total energy of emission E is 
Qi 0 n 


E Án —ARQ 


Where o, is the solid angle which the Earth makes with the Sun. The 
Tatio of the energies received by the Earth and Jupiter is 


31. The Law of Rectilinear Propagation 
and Reflection of Light 


506. On one straight line so that the planes of the object and the 
Screen are perpendicular to this Straight line. 

507. The radius of the half-shadow Ry = 15 cm and the radius of 
the full shadow Rz = 7.5 cm. The sha- 

ow will disappear when the ball is at E [4 e, 

a height of 2.5 m. The dimensions of 
the shadow will be constant if the radi- 
us of the ball is equal to that of the 
sphere. 

Note. The radius of the half-shadow 
can be found from the Similarity of the 


C; is equal y 
to the diameter ui The Sphere and BB 0 
9 the radius of the ball. The secti i 
sid Ap NAME ons AC Fig. 326 


c qual respectively to the 
“sights 2 the phen ant the ball above the floor 
+ The sources shou : 
passing through the point 0. patie Seti ie "MIDNS to the rod 
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" e or are 
When motion occurs in other directions the shadows diverg "i 
i ed on each other. n sant wi 
PPS. With the iven arrangement each point of the object 


: d from 
represented by a bright circle whose diameter can be foun 
the ratio (Fig. 327) 


d ED 

a CD 
i.e., 

d'= ED. d—2 mm 
CD di tinguished 
Therefore, the parts less than 2 mm in size cannot pube of these 

because the bright circles representing the separate p 
parts will b 


e superimposed on each other. 


Fig. 327 "m 
j P form of t 
510. The shape of the light spot will depend on the | e spo 
source of light and on the position of the screen onto p the he 
is projected. For example, if the source is circular in shap dent rays 
screen is placed at various angles with respect to the inclo Jongated 
the spot will take the form of a circle or a more or less 
ellipse, f the spot 
„For the conditions specified in the problem the shape 0 
WIR pot depend on the shape of the mirror. 


mpo- 
ad e colour of any surface is determined by the spectral ili 
Sition of the Tays reflected by it. olour of 

When the surface is dry the rays corresponding to theo to the 
the surface are Superposed by randomly diffused white light aT le). 
Toughness and ‘regularities of the surface (cloth fibres, for nm of the 
The presence of this diffused white light makes the basic colou 
surface faded and less bright. 

If the surface 


is 
ered by a surface fil 


512. Note. T 


int A iP 
: ı Construct the i of the point ^ «ys 
the mirror and consider the ratio hetween the lengths of the pe 
A,CB and A,DB (Fig. 328). 


r 
bserve 

th ition C the obse", 

he image of the Pin B to the right COMO E 
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In the position D he will see the image of the pin B to the left of the 
Image of the pin A. . . . 

514. See Fig. 330. The rays coming from the poni O' will be pro- 

t lines AB and CD 


ş 


Pagated inside the band restricted by the straig 


B 


Fig. 328 Fig. 329 


after reflection from the mirror. The rays coming from O will be inside 
the bands A E and CF. The rays coming from all the pomis on the ob- 
Ject will only arrive at each point in space between the straight lines 


Fig. 330 Fig. 334 


AB and CF. The eye can only see the entire image of the object if 
it is at one of the points enclosed between the rays AB and CF. 

515. By 10 cm. 

517. At an angle of 45°, 


918. a= 2°; z = l tana = la = 5 X 0.035 = 17.5 cm. 
519. 3 m. 


Solution. The image of the wall will be behind the mirror at 
a distance 1, = 4 m. If the eye is placed at the point A (Fig. 334 
it will see only the rays coming from all the points in the section of 
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the wall image DE after the reflection in the mirror BC. Thus, the 
Section of the wall visible in the mirror will have dimensions 


x— hi 
IH : 
520. Only when the eye is placed inside the triangle DEH limited 
ays DG and EF (Fig. 352). 


a=3m 


by the ri 


Fig. 332 


1. The perpendiculars to the mirrors A, and A (see Fig. 173) 
should make nates of 22°30’ with the acta eon, daho perpendi 


52 


-—------4 


NN 
N 


IN 


Fig. 333 


Fig. 334 
culars to the mirrors A, and A —angl 0307 ight of all 
the mirrors should not be less t an the T A rie lentos d, th 
width of the mirrors 4, and A, Should b 


e equal to d 
and the width of the mirrors A, and As 2e 
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522. See Fig. 333; o, = 120°. 


. _ 523. The centre of the circle lies at the point O where the mirrors 
intersect. 


524. Inside the band limited by the rays OC and OD (Fig. 334). 


32. Spherical Mirrors 


$27: ore It Men from the similarity of the triangles 4g p 
and CDF (Fig. 335) that 
b _ f 
Uu af 
and from the concave mirror for- 
mula 
aif 
a1—f 
ix as Fig. 335 


le ae 


24 


Q= 


Hence, 


528. a= m; R=0.50 cm; f=25 cm (see Problem 527). 


529. f = 2.5 om. , 

Note. If a, and a are the initial distances of the object and the 
image from the mirror, Z, and J, are the respective lengths of the object 
and the image, and as is the distance from the image after the object 


18 moved, the focal length can be found from the following system of 
equations: 


ho 4 “b, 14 4 4 1 1 14 
LEE CUL UE EE 
530, 2L, 

hop 


Note. The ratio t can be found from tho equations: 
1 


l 
E peep 


a 
See Problem 526, 


531. foie 50 cm; d = 21g, 


532. At a di 
other. m from each 


;. Vote. When the two halves of the mirror are drawn apart the 

E [Ti ras o5 om From the E eren axes of the halves. Tho ren 
E es from the new optical axes f th 

in the same Way as in Problem 527. Se hale kn dig calculated 


stance of 50 cm from the mirror and 2 c; 
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533. b — 15 cm. . — 

Solution. If a, and a; are the distances from the mirror to po ni 
and its image respectively, then, from the given pond) Bowe, T6 OF ai 
7: — a+ b and az + a — b should hold. Inserting the watts Svo get 
and az obtained from these ratios in the convex mirror form 


b= V2aF- ra -— 
The coincidence of the image can be established by observing e 

changes in the relative Position of the images when the ey! at various 
away from the optical axis of the mirror. If the images th respect to 
distances from ike eye the images will be displaced wit henomenon 
each other when the eye is moved as described above (pae coincide 
of parallax). If the images are at the same distance, they w: 
wherever the eye is placed. 


= ia Fig. 336. 
534. Ee + They cannot. See Fig. 


Fig. 336 


st 
Note. The distances 2: and a; from the concave mirror ee the a. 
needle and its images should Satisfy the ratios aj = d and az ` formula, 
hen these values of a, and a; are inserted in the mirror fo 
2» should be negative 


e 
, In order to find whether the j bserved at the sam 
time, consider the path of th hos the SD bé s 


5, hi = 


1P, is the image of the object KP, the rays forming 


© propagated inside the cone m 
rays forming the pg A 
cone enclosed by the rays P,P and Pi 
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In order to see the entire ima, 
Y ge the observe: i 
uad aoe Derwen the straight lines K,A peg Do his the 
$ z from a 9 points on the object ar, 
maximum dimensions of the object are determined an: ‘the similans 


Fig. 337 


d SPR (in this case the curvature of the sec- 


of the triangles DES an 
is common in elementary optics): 


tion DE is neglected as 


Fig. 338 


536. X = 45 cm. 
Note. If l, is the image of the face (Fig. 338) and a; is the distance 
from the image to the mirror, the eye will see all of the image for the 
minimum distance X from the mirror when the following condition 
observed: 
X /— X+a, 
4H E 
The values of a; and Z» can be determined from the convex mirror 
formulas (see Problem 526) and used to find 
X—F a 


19-1325 
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5 distance 
537. At a distance of n from the nearest wall; at a mi 
emote wall. 3 ositi 
» pe Ed the problem, calculate in the first rd p Bidering 
of the image A, produced by the remote wall and ae all. K 
this as a source find its image A, formed by the "pn dis graphi 
In order to determine the position of the images ii 339) coming 
cally, consider the path of a certain arbitrary ray SB (Fig. 


Fig. 339 


‘ ; itional 
from the Source at a small angle to the optical axis. An Ban focus 
optical axis aa drawn so as to be intersected by the ray SB ue t reflec- 
is necessary to determine the direction of this ray after the wis axis. 
tion at the point B. The reflected ray BC will be parallel to DC wit 

e image A, will be at the point of intersection of the ray 2o: 
the principal optical a for the 
ter the ray is reflected rarest 
second time from the nee vay 
wall at the polop Ct addi- 
should go parallel to ee 
tional optical axis bb t B 
the focus of which the dn 
passes. The image 45 f che ray 

point of intersection of tical 

Fig. 344 CA» and the principal op 
axis, 
The sequence o. 


image 
i f operations for graphical construction of the imag 
in ha second case is shown in Fig. 340. 

538. = 


cm; it will not change. 
Note. The flat mirror should Es 


s 
its im; be placed halfway between the.source 
and its image Si, i.e., the following should hold (Fig. 344): 


=u = Uuta m ai 
> Fas Saat 
539. X = 0.28R. 


e 
Solution, Let us denote tho distance of the source from the concav. 
mirror by X and the distance of the image produced by the conve 
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mirror from this mirror by y (Fig. 342). The ratio 
4 4 2 


2R—-X y Re 


age produced by the convex mirror. 
e ies mirror is the source with respect to the 


will hold for the im: 
e image in th 


Fig. 342 


Concave mirror, If the point where the rays meet after two reflections 
coincides with the source, then 


;,19 Tays is changed, the position of 
e point where th 
same, 


33. Refraetio 


n of Light at Plane 
Oundary 


540. i= 56°24’, 


- It follows from geometrical 
Construction that i +r = 90°, r= 90° — 
rt (Fig. 343). From the law of refraction 
Siny ^ ^. Since Sin r — cos i we get tan i = n = 4.5. 

541. 2.9 m. 

Note, The length of the Shadow of the pile will be 
=hytanr = 3 X 0.62 ~% 1.9 m 
on h=1m, 
tensionon, The objec 


5, where the ex- 
T 9f the rays Striking the eye of the Swimmer meet (seo Fig. 344) 
Tom triangles OBS and OBS, ` 


OB = OS tani = h tan ; 


OB = OS, tan r = hı tan r 
19s 
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Hence, 


tani 
i ET c 


sin i 
Since the angles i and r are small we may assume that tani ~ 
and tan r ~ sin r. Therefore 


lh Bb LL cam 
sinr 


Je 
543. At a distance of d -++ t h below the bottom of the vesse 


" n- 
Note. See Problem 542. The image of the point S, should be co 
structed in the mirror (Fig. 344). 


3d 
544. hy= > (2444 2) — 
Solution. If S is the position of the prr 
found in Problem 543 and OS = H = 2d +5 


the observer will see this image at Los 
oint S, which is at a distance hy from the 
ace of the water. OAS: 
It follows from triangles OAS and 


(Fig. sn (assuming that the angles i and r 
are small) that 


ieas 


r” 


545. n = 1.414. d 
Note. Since it is given that the refractas 
ray is perpendicular to the second face of the 
prism it follows from simple geometrical cont 
erations that the angle of refraction of t 
Tay r = 30°. 
546. h = 30 cm. 


___The absence of the parallax shows that the 
images coincide. 


Note. See the solutions to Problems 526 
Fig. 344 and 533. 


547. If n < 2 the ray will be refracted and 

emerge from the second face. 

If n > 2 the ray will be subjected to full internal reflection at the 

second face and emerge from the prism through the third face perpendi- 
cularly to the latter. 


_ Vike 
548. mum 3 


= 1.34. 


Solution. If a bright image of the point source appears on tho upper 
boundary of the plate, the rays coming from the ca into the plate 
at small angles i (Fig. 346) pass unhindered through the lower bounda- 
ry. If the angle of incidence of the rays on the lower boundary is larger 
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than the critical angle the rays are subjected to total internal reflection, 
illuminate the sensitive photolayer from below and form a halo. 

The refractive index can be calculated directly from Fig. 346 and 
from the definition of the critical angle 


— 1 
sin i'—— 
n 


Fig. 345 Fig. 346 


34. Lenses and Composite Optical Systems 


551. d= fp = 2.35 mm. 
ft Note. See Fig. 347. The image of the Sun will be in the focal plane 
of the lens and will be seen from the optical centre of the lens at an 


NW 


Fig. 347 


male 9 just like the Sun. Since the angle 9 is small it may be assumed 


tang zz p 


552. In the i i 
plane passing through the optical centre of the lens, 
wh Pig r4 To prove this it is enough to follow the motion of the image 
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553. See Fig. 349. 


554. It will move 5 cm closer to the screen. 


the new position of the apex of the beam from 
the thin ashe formula the apex a the beam A Mlicuid be regarded 8$ 
an object. 


Fig. 349 s 


ys. For thi 1 á 
to the object should ba introduced fae calculations the distance a, 
5 i 


to the thin lens formula with 
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555. f = 30 em. 

Note. See the solution to Problem 554, 

556. See Fig. 351, 

57. The Source should be more th. 
and the Observer at one 


an twice the focal length away 
of the points in the area BAC (Fig. 352). 
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i the 
: ting of 
Note. The rays coming from the source past the moun Pat 
lens towards the observer and the rays from the image are propag 
inside the cones shown in Fig. 352. 


$ when 
The source and its image can only be seen simultaneously 
there are regi 


ons in space where the beams overlap. 
558. 4 cm. 


559. az = 60 cm; f = 20 cm. 
Note. The ratio of 
image is equal to the r 


T the 
the linear dimensions of the object and ta, 
atio of their distances from the lens. 


3 k | Sw 0. 2 
562. f = 24 em 13 kma, 


en the distance between t reen i$ 
as scent the lens after being moved wil (ur dat pu image 
to pope s di P. Me n the lamp (Fig. 3535) becomes a 
3 distance of the ; mes daa). 
Following from this e Image from the screen (Fig. 3 


a — a; = 36 
From the lens magnification formula and the given conditions we £^ 
24 
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Solving these equations simultaneously and utilizing the lens formula 
We obtain 


_ 2a; 


f= 3 —24 cm 


563. a = l tan o = 60 cm. 


Note. The size of the object is determined by the minimum viewing 
angle of the eye, 


64. At the Principal focus of the lens. 


Fig. 354 


f a05, The image will be at a pco az = 60 cm on the same Side 

of the ], j e Fig. 354). — $ 
elution. "In arde to detaa e say position of the image produced 

by the system as a whole, calculate the positions of the images formed 

by the Separate parts of the 

tystem consecutively along 

e path of the rays. 

4) 2€ lens for the object A 
Will produce a virtual image 
len; DE to the left of the 

ens at a distance 

aF 
GF = 30cm 


a= 


Fig. 355 


objeda itron having B as the 

c ying ES * inti PN b — 45 cm behind the mirror or, in 

Other Words, at a distance a’ = a + 2b = 60 cm from the lens, 
On the right the lens receives rays from C as the object and the 
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ee 


lens will form for C a real image D a distance 


a'F 
iF =60 cm 


az= 


ja Dee the image will be real and will lie between the lens and its 
focus. See Fig. 355. ! 
567. a; = 100 cm. See Fig. 356. : . 
Note. See the solution to Problem 565. In calculations, bear in 
mind that the first image formed by the lens lies behind the mirror. 


For constru 


n i to take the rays going parallel 
to the optical axis and through the front focus of the iu , 
568. The Source should be at infinity. 
" a2 = 2. . 
570. If the distanc 1 b 


LL 


is large but less than the focal length f each 1 
rays will be transformed into a Eun oF eee oi parali 

When the distance between the lenses is larger than the focal length 
of each, the parallel beam, will be converted by the system into 
a diverging beam, 
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Fundamentals of Physics by B. Yavorsky and A. Pinsky (Mir Publishers i ah. 
contains more than 750 problems covering all the topics discussed in the theory © 
In addition to the traditional material, the book contains problems ores etc-^ 
relativity (including relativistic collision, accelerators; creation of parti 1 barrier; 
quantum mechanics (uncertainty principle, de Broglie waves, potentia mic an 
degenerate state of matter), statistics, wave and quantum optics, mo aws0 
nuclear physics. The problems in astro-physics illustrate the applications ES carry 
physics to cosmic objects. Most of the problems, especially the difficult ones, 


* N 1 5 ics 
detailed solutions or hints. The book is meant for students of physi 
mathematics at teachers- 


a 
4 ndary 
training institutes and for physics teachers at seco 
schools and polytechnics. 


, of 
Contents. Motion and Force. Conservation Laws. Molecular-Kinetic Theo 
Gases. Molecular Forces and States of Aggregation of Matter. Electrody?" men: 
Vibrations and Waves. Fundamentals of Quantum Physics. Nuclear and Ele! 
tary Particle Physics. Tables. 


PHYSICS FOR THE TECHNICIAN 
L. Zhdanov, D. Sc. 


This book is meant to serve as a textbook for polytechnics. The material of the text 
has been arranged in accordance with the syllabus in physics for polytechnics and 
secondary schools. A considerable effort has been made to bring out the engineer- 
ing applications of physics and to illustrate the basic facts behind various physical 
Phenomena. The International System (SI system) of units has been used 
throughout the book. Different sections of the book have been augmented by exer- 
cises in the form of questions on the subject and numerical examples. 

The book is intended for a wide circle of readers: students of polytechnics and 
senior secondary schools, and all those interested in self-study. 

Contents. Physical Quantities and Their Measurement. Molecular Physics and 
Heat. Electricity. Oscillations and Waves. Optics. Fundamentals of the Theory of 
Relativity. Physics of the Atomic Nucleus. Fundamental Aspects of Astronomy. 


JUNIOR PHYSICS 


RODINA, 
A. PERYSHKIN, Corr. Mem. USSR Acad. Ped. Sc., and N. 
D. Sc. (Ped.) 


å 78. The 
The authors of this textbook were awarded the USSR State peze S of the 
book contains a preliminary course in physics, introducing to the Ai eed heat 
science, viz. the structure of matter, mechanical motion an is to identi 
phenomena, electricity and magnetism. The chief methodological idea : tos great 
theoretical propositions by generalizing empirical facts. The € " provi des 
deal of material illustrating the relationship between physics and life. E 
questions and assignments for the students and describes laboratory w 


SENIOR PHYSICS. Part II 


and 
B. BUKHOVTSEV, D.Sc., Yu. KLIMONTOVICH, Cand. Sc. 
G. MYAKISHEV, D. Sc. 


This is the second volum 
Education for high-schoo! 
by A. Kikoin and I. Kik 
aims at acquainting the el ani 
molecular physics. The description has been confined to the grass-root lev 
does not involve higher 

the Moscow State Univ. f Ther- 
Contents. Molecular-Kinetic Theory. Gas Laws. Ideal Gas. The First Law 0: 
modynamics. Phase Tr. 


FUNDAMENTALS OF PHYSICS, Vols. I-II 
B. Yavorsky, D. Sc. and A. Pinsky, Cand. Sc. 


This textbook explains the concepts and most important advances of modern 
Physics without resort to higher mathematics. Avoids the traditional division bet- 
ween classical and modern physics and endeavours to present all material so as to 
develop quantum mechanical concepts. 

€ textbook is intended for secondary schools and as a teaching aid for physics 
teachers in general and technical secondary schools. Will be found useful by cor- 
respondence students studying *A' level and first year physics. 


Volume I 


Contents, Motion and Forges. Conservation Laws. Molecular-Kinetic Theory of 


I em Molecular Forges and States of Aggregation of Matter. Electrodynamics. 
ndex. 


Volume II 


Contents. Vibrations and Waves. Basic Quantum Physics of Atoms, Molecules 
and Solids. The Basic Physics of the Nucleus and Elementary Particles. Index. 


HANDBOOK OF PHYSICS 
B. Yavorsky, D. Sc. and A. Detlaf, Cand. Sc. 


; igned 
A companion volume to Vygodsky's Handbook of. Higher Mathematics, Mex ó 
for use by engineers, technicians, research workers, students, and SORS E 
physics. Includes definitions of basic physical concepts, brief formu P Hes in 
physical laws, concise descriptions of Phenomena, tables of physical quan 
various systems of units, universal physical constants, etc. 
This is a third English edition, 
Contents, Physical Basis of Gl 
modynamics and Molecular Physi 
ty and Magnetism. W. 


er- 
lassical Mechanics. Fundamentals of Ther 


` The book issò designed as not to require additional handbooks or manuals, b 


HANDBOOK OF ELEMENTARY PHYSICS 


By N. Koshkin, M. Shirkevich 


The manual prepared by Candidates of Technical Sciences Nikolai Koshkin 
and Mikhail Shirkevich covers all the basic branches of elementary physics, 
and costains information which is widely used in practice by specialists in in- 
dustry and-#s students of echnical schools, The book contains a wealth of 
tables and reference data on mechanies, molecular physics, oscillations and 
waves, electricity, optics, structures of atoms and elementary particles, 
Particular. attention is focused on selecting information on the advanced 
branches of physics: semiconductors, Jerroelectrics, nuclear physics, ete. 


, Bach section includes brief theoretical information, basic laws and formulas, 


diügrars and illustrations. 

The reference book is widely used in the USSR and in other countries, It has 
seen severe Russian and two English editions, 

The book is well designed and is of the convenient size. 


PROBLEMS IN GENERAL PHYSICS 


Hy V. Wolkenstein, Cand. Se. (Tech.) As 

` j Bv. 
Contains problems and exercises (with answers and appropriate solutions) in 
the busie branches of general physics; mechanics; molecular physics and ther- 
modyniamics, electricity and magnetism; oscillations and waves; opties; 
atomie physics, Tables of physical constants, common logarithms, sines and 
cosines are appended. 


Mt can be used with profit by sixth-form and university students of physics, 
dnd by engineers and technicians wishing to improve their kno wiedge of the 
Subject, 


